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CONTROL, DUPLICATION AND STANDARDIZATION OF 
RADIOGRAPHIC CHEST TECHNIQUE!’ 


WILLIAM H. WEIDMAN anv JEAN KIEFFER 


INTRODUCTION 


This investigation was made primarily in an effort to improve the comparable 
quality of serial chest films. 

The accuracy of the information derived from such films depends upon how 
well the differences they show reflect the changes in the patient’s disease. Small 
differences in the quality of the chest image on films being compared often so 
change the radiographic appearance of small lesions that a definite or accurate 
interpretation becomes difficult, if not impossible. This is particularly evident 
in the study of tuberculous lesions. It is a common experience at staff 
conferences to find disagreement and lengthy discussion in regard to the meaning 
of changes noticed in serial X-ray films. Some contend that the lesions are 
progressing while others state that the lesions are stationary or even retrogress- 
ing. It was noticed that in most instances where disagreement occurred the 
films were not of strictly comparable quality and that the main difference in 
opinion was caused by the fact that some attributed the visible changes entirely 
to the technique variations while others attributed them to changes in the 
lesions themselves. When the films were strictly comparable, it was rare that 
disagreement of interpretation occurred. It was further noticed that when the 
films were strictly comparable the interpretation was much more often confirmed 
by the patient’s clinical history than when the films showed noticeable tech- 
nique differences, even if these were small. Of course, if the changes in disease 
were obvious, like a definite increase in excavation or the development of lesions 
in hitherto healthy portions of the lungs, the quality of the serial films could be 
markedly different and still cause no difficulty of interpretation. But when the 
question was whether or not a given parenchymatous lesion was progressing or 
retrogressing, a question usually of great importance in the decision of treat- 
ment, serial films of strictly comparable quality usually resulted in more accurate 
evaluation of the patient’s status than those showing differences of quality even 
when these differences were small. 

An analysis of our technique before the institution of accurate technique con- 
trol revealed that only 35 per cent of our serial films were within a comparison 
tolerance of plus or minus 2 Kv.P. Further studies showed that this was 
representative of the comparison quality obtained in good laboratories employing 
careful technique. After the institution of the technique controls herein de- 
scribed, a review of one entire year’s work (7,000 films) showed 93 per cent of 
films within the limits of plus and minus 2 Kv.P. from expected results, and this 
without increasing the working load on the personnel or increasing the cost of 


1From the Norwich State Tuberculosis Sanatorium (Uncas-on-Thames), Norwich, 
Connecticut. 
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the equipment or material. In fact, when the retakes made necessary by un- 
satisfactory quality in comparison films are taken into consideration, both the 
work and the cost were reduced. 

It became very evident during the course of this work that, as the comparison 
quality of our films improved, so did the accuracy and particularly the ease of 
interpretation. Now that our technique is well controlled, the comparable 
quality of our serial films is such that time consuming discussions on the prob- 
able status of the patients are rare, as well as the instances when the interpreta- 
tion of serial chest films is not born out by the subsequent clinical history. It 
is worthy of note that the same radiologist can read these films more accurately 
while spending much less time in the process than he required at the beginning 
of the investigation. 

Before proceeding to the discussion of our methods and findings, we wish to 
emphasize that our whole effort has been toward the duplication of quality of 
chest films once a satisfactory film has been obtained. It is more important, in 
serial chest studies, to duplicate the quality of the original film than it is to obtain 
films nearer optimum than that original, even if that original was definitely not 
of optimum quality but only of acceptable diagnostic quality. Of course, it is 
desirable to obtain as many films of optimum quality as possible at the original 
examination, and much time is being devoted by investigators in an endeavor to 
develop methods which would assure this. Yet a critical review of the films 
made in many laboratories with various techniques showed very definitely that 
errors in the predetermination of the exposure factors are a relatively rare cause 
of the failure to produce films of satisfactory quality. Most failures are caused 
by other technical errors, principally those occurring in processing. The pres- 
ence of these errors hinders subsequent satisfactory reproduction of previous 
films. These errors are greatly minimized by the use of accurate technique 
control. Incidentally, accurate technique control also results in obtaining a 
larger percentage of films of optimum quality at the original examination. 

During the course of our investigation, we have had to alter very definitely 
our own views of what constitutes an optimum technique for serial chest studies. 
For instance, we found that the variations in what had been considered better 
than average techniques (in our own and other laboratories) often resulted in 
variations in the radiographic appearance of serial films greater than those 
caused by changes in the patient’s weight amounting to 15 lbs. or more. After 
the institution of accurate technique control, it was found that a much larger 
percentage of serial films of good comparable quality was obtained by stressing 
exact duplication of the original technique than by changing the exposure factors 
as the patient gained weight. Weight variations are now disregarded unless or 
until they become so great that the films would no longer be acceptable for the 
intended purpose. The interpretation of such a series of films has in our experi- 
ence been less difficult and more accurate than that of a series of films taken with 
various techniques in an endeavor to compensate for moderate variations in the 
patient’s weight. 

Films used for serial studies should be made in such a manner that they would. 
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be as similar as possible if no change whatever had occurred in the patient. In 
order to accomplish this, the techniques used for each film should be as nearly 
identical as possible. 

In the sense used here, technique does not mean merely the machine setting 
used (milliampere-seconds and kilovoltage) which this term most commonly 
implies, but the total effect of the radiographic exposure and processing on the 
material used, that is, the total technique as will be explained in detail further on. 

When serial radiograms are taken with identical total techniques, any difference 
in the appearance of the chest images must of necessity indicate a change in the 
patient. 

The salient points which have been brought out during the investigation are: 


1: That a technique satisfactory for initial diagnostic work (single examination of 
patient to determine presence and type of disease as in survey work) is not necessarily 
satisfactory for serial studies (repeat examinations to determine status of disease known 
to exist, as in sanatorium work in order to decide prognosis on treatment). The latter 
requires much more accurate technique than the former. 

2: That modern equipment and techniques are capable of giving films of satisfactory 
diagnostic quality for the initial examination in almost all instances if ordinary care 
and judgment is used. 

3: That, generally speaking, present day routine techniques are not capable of giving 
a high percentage of films acceptable for accurate serial studies, no matter how good the 
equipment used, unless they are much more accurately controlled than has been the 
general practice. 

4: That, by the use of accurate control, a very high percentage of films suitable for 
serial studies can be obtained, thus lessening the difficulties and inaccuracy of inter- 
pretation of serial films. This can be done with ordinary good equipment and material, 
at an over-all saving of effort, time and material. 

5: That little improvement over present day results can be expected of any method or 
apparatus designed to improve diagnostic quality of films taken at initial examinations 
(so-called “standardization of chest technique’’) unless the duplication of results ob- 
tained by any given technique is much better than is at present obtained in most labo- 
ratories. 

6: That the present definition of a satisfactory technique, as one in which all films do 
not vary by more than a given amount from a given standard, is either meaningless 
or unattainable and should be changed to a more practical as well as scientific basis. 
It should be defined as one in which a given percentage of films does not vary by more 
than a given amount from a given standard. 


DISCUSSION 


The problem of satisfactory technique for radiography of the chest can be 
roughly stated as follows: 


1: It is desired that all chest films taken on any patient be of optimum diagnostic quality. 
2: It is desired that all films taken on any one patient be of comparable quality. 


The second statement would be unnecessary if the term ‘‘optimum diagnostic 
quality” were one which would admit of exact definition. If all films were of 
optimum diagnostic quality they would all be similar and of comparable quality. 
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However, “optimum diagnostic quality” does not permit of an exact definition, 
To the physician, it usually means “a film in which I can see all I wish to see” 
or “a film taken in this particular position which can give me as much information 
as any other film taken in that position, regardless of the radiographic technique 
used.” To the technician, it usually means ‘a film which my radiologist will 
consider satisfactory.” 

Attempts have been made to specify the diagnostic quality of a film more 
accurately by means of density values of given chest areas, or more specifically 
by means of the density range within which all of the diagnostic field must lie. 
But even if “optimum quality” could be accurately described and the radio- 
graphic technique necessary to obtain this quality for a film taken on any patient 
could be accurately specified or predetermined, optimum results could only be 
achieved if the results obtained with any technique used were at all times exactly 
as expected. 

Unfortunately the methods in general use to-day preclude such results. Many 
films of the same patient showing differences equivalent to 10 Kv.P. or more 
may be found in the files of the average X-ray department, even when there has 
been no change in the patient and the same machine settings were used. This 
happens when the errors caused by the variables present in the method used 
happen to be cumulative in one direction at one time, and in the other direction 
at another time. A review of serial films taken in average laboratories showed 
that variations equivalent to 5 Kv. or more occurred in over 50 per cent of the 
time. Variations equivalent to 4 Kv. or more in stereoscopic pairs were often 
seen. 

It is therefore evident that, before a method which will give optimum results 
for all subjects at the initial examination can be successful, methods must first 
be used which will permit duplication of results for a given technique with a given 
subject much more often and within narrower limits than these just reported. 
The first attempts to devise such a method failed. This was mainly because the 
usual practice of estimating technique variation by visual comparison of the 
chest image in the radiograms proved too inaccurate for critical study. Estimat- 
ing these variations by means of densitometric readings of the chest image also 
proved too inaccurate on account of the difficulty of selecting exactly similar 
chest areas for comparative reading, and on account of the difficulties of trans- 
lating variations in density into variation of technical factors. Therefore, a 
method which permitted estimating technique variations with sufficient accuracy 
was first devised. The use of a standard test object whose radiographic image 
appeared on every routine chest film and which could be compared easily against 
standard images obtained at various standard techniques proved sufficiently 
accurate and practical. A description of this test object, a copper step tablet, 
devised by one of us (Kieffer), will appear later. 

The comparison of the tablet images on routine films against the standard 
images gives a measure of the total effect of all the technical factors used. Dis- 
proportionate effects thus reflect technical differences, either errors or variations. 

For reasons which will appear later, we have chosen to express these differences 
in equivalent kilovolts (E.Kv.); that is, equivalent to the difference in density 
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which would be produced by a given difference in the kilovoltage used for the 
exposure, every other technical factor remaining exactly the same. 


DETERMINATION OF PERMISSIBLE LIMITS 


Series of radiograms obtained with various techniques were then made. 
Different types of patients were used but the same patient was used for each 
series. Because an image of the standard object, the copper step tablet, was 
incorporated on each film, accurate evaluation of the technique difference be- 
tween any films could be made. 

These experimental series showed very definitely that for the initial examina- 
tion, that is, for “diagnostic quality,” the technique variations which did not 
impair in any way the information furnished by the film were very wide. In 
many cases, this variation was greater than 15 E.Kv. In practically all cases, 
it was not less than 10 E.Kv. This was confirmed by the results of routine 
initial examinations. ‘Techniques anywhere within 5 E.Kv. of the technique 
which would result in a film of optimum quality for a given patient are perfectly 
satisfactory for use with that patient when the information furnished by only 
one film is considered. 

One experiment is worth mentioning in detail. In this experiment a patient 
of average size (19 cm., normal musculature), with various types of lesions, was 
radiographed using the following techniques at 72”, in the standard P.A. posi- 
tion— 

from 46 to 86 Kv.P, 14 MAS, 1/30 sec. at 2 Kv.P interval 

from 38 to 48 Kv.P, 50 MAS, 1/5 sec. at 2 Kv.P interval 

from 58 to 72 Kv.P, 50 MAS, 1/5 sec. at 2 Kv.P interval, using a high- 
speed Potter-Bucky diaphragm. 

The results of the techniques used were all checked by means of the copper 
step tablet and presented an extreme range of densities and contrast. The 
results of this experiment were surprising, to say the least, to most chest diag- 
nosticians who viewed the films. 


1: The range used did not completely cover the range of techniques exhibited by the 
films we receive from other laboratories for review and diagnosis. 

2: All films (with the possible exception of the densest and the lightest) would have 
been read by us, for original diagnosis, if received from an outside laboratory. 

8: Of the films taken at 14 MAS, without Potter-Bucky diaphragm, those taken within 
the range of 52 to 72 Kv.P inclusive would have been called satisfactory for original 
diagnosis in our department, and no retake ordered; the films from 54 to 68 Kv.P, 
however, represented better our normal diagnostic quality range; the film taken at 62 
Kv.P best represented the quality we prefer for a patient of this type under our usual 
viewing conditions. 

4: Any pair of films within 4 Kv.P of one another was considered satisfactory for serial 
studies, although pairs within 2 Kv.P were definitely preferred. Most pairs 6 Kv.P 
apart showed too much quality difference for accurate work of this type. 


Most chest diagnosticians viewing these films concurred in the views expressed 
above. The only noticeable dissension was about the film considered optimum. 
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We chose the film taken at 62 Kv.P., 14 MAS, 1/30 sec. The choice of the others 
varied from 56 to 70 Kv.P. Some observers even preferred some films made 
with the contrasting Potter-Bucky technique. <A fact worthy of note is that, as 
the viewing conditions were changed (by using illuminators of varying intensi- 
ties), the films considered optimum by a given observer changed accordingly. 
This variation in illumination alone accounted for variations in individual opin- 
ions regarding the optimum film, amounting to 10 Kv.P or more. However, 
the choices were definitely grouped in the range of 58 to 66 at 14 MAS, when the 
films were viewed with a modern fluorescent illuminator. It is to be remembered 
that the actual Kv.P values given have little meaning because the calibration 
of present day equipment varies within wide limits. (One laboratory had to 
use a technique setting of 50 MAS at 69 Kv.P, according to its meters and cali- 
bration, to get results similar to what we obtain at 14 MAS, 57 Kv. according 
to our meters and calibration, at the same distance.) However, the relative 
Kv.P are important and illustrate vividly the extreme range of variations al- 
lowed by original diagnostic work. This is true only if the films are sharp, free 
from fog and of moderate contrast. Any noticeable unsharpness or fog narrows 
these limits correspondingly. The effect of the contrast on the permissible 
variation varies with the amount of disease present. A technique of very high 
contrast permits very little variation from optimum if the disease present 
markedly increases the local density of the lung. 

The wide range of permissible variation found for films of satisfactory diag- 
nostic quality is not surprising when the wide range of technique called optimum 
by different men is remembered. Yet, it should be noted that this maximum 
permissible variation is much greater than that at present considered satisfactory 
by many expert diagnosticians. It is proper that each expert should desire that 
the quality of films he interprets should be as near as possible to his optimum. 
But the fact remains, as shown by our experiments, that, with an otherwise 
satisfactory technique, variations equivalent to 5 Kv. on each side of the density 
considered optimum by most men do not affect the diagnostic value of a chest 
radiogram considered singly, except in rare instances. 

The experimental work done also showed that the variations in techniques 
using modern equipment or material seldom exceed these limits unless careless- 
ness is obvious. It can therefore be stated that modern equipment and tech- 
niques are capable of giving films of satisfactory quality for the initial examina- 
tion in almost all cases if ordinary care and judgment are used. 

For the comparative studies of serial films, that is, for “comparable quality,” 
the technique variations which did not impair the information furnished were 
shown to be much smaller than those just given for diagnostic quality. They 
were equivalent to not more than 4 Kv.P between films. This is a very conserva- 
tive figure. Some individuals consistently detected differences of 1.5 Kv. and 
pronounced them disturbing in certain cases. It is the consensus of physicians 
who have specialized in the production and analysis of X-ray films of the chest 
that the diagnostic accuracy is greatly enhanced if the average densities of the 
chest radiograms of a particular patient do not vary from one film to another by 
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more than 10 per cent. In the terms used in this paper this corresponds to an 
over-all variation approximately equivalent to 1.5 Kv., or a tolerance of plus or 
minus 0.75 Kv. Although this ideal has not yet been obtained in routine work, 
the need for attaining it has been clearly demonstrated by serial studies of 
changing lesions which are difficult to perceive in the best radiograms. Dis- 
regarding this ideal for the present, it is to be remembered that, in order to keep 
the maximum variation within a range of 4 Kv., the technique used should be 
capable of giving films within 2 Kv. of the expected results, if films taken at 
more than two different times are to be compared. Therefore, to meet the re- 
quirement of serial chest studies, the technique should be capable of duplicating 
results at least to within plus or minus 2 Kv. in most instances. 


VALUES OF TECHNICAL ERRORS 


The experimental work done showed definitely that, with the methods in 
general use to-day, a limit of plus or minus 2 Kv.P was exceeded in the majority 
of instances even when the X-ray equipment was of the best available. Gener- 
ally speaking, present day routine techniques are not capable of giving a high 
percentage of films acceptable for accurate serial studies, no matter how good the 
equipment used, unless they are much more accurately controlled than has been 
the general practice. 

It was also found experimentally that, with present day equipment and 
material, it is not possible to keep technical errors within plus or minus 2 Kv. of 
expected results for all films. This is because many of the errors or variations 
are sometimes cumulative. When this occurs, the best controlled routine tech- 
nique may lead to occasional errors so great that films obtained by supposedly 
identical techniques may vary as much as 10 Kv. from one another. 

It was also found that the distribution of the errors present followed very 
closely the laws of probability. 

For instance, in a series of 1,000 consecutive routine chest films obtained by 
us during the development of a well controlled technique, 847 were within +2 
Kv. of expected results?, 52 were between +2 and +5 and 88 between —2 and 
—5, while 5 were more than 5 Kv. too dark or more than 5 Kv. too light, the 
extremes being respectively one film +8 and 2 films —7. While the technique 
cannot be said to duplicate within +5 or even within +7 Kv.P for all films, it 
does duplicate within +2 Kv.P for 84.7 per cent of films taken. In this same 
series, 601 films, or 60.1 per cent, were within +1 Kv. and 933, or 93.3 per cent, 
within +3 Kv.P of expected result. Any of these limits and their corresponding 
percentage can be used as an index of the accuracy of the technique. Table 1 
shows the approximate distribution which may be expected under various 
conditions. 

The best result we have found possible to obtain with any equipment under 
routine conditions, for series of at least 1,000 films, has been approximately 93 


2 By “expected results’’ is meant the quality which would be expected in order to exactly 
duplicate results already obtained, all the variables due to the patient having been elimi- 
nated, as explained further. 
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per cent of films within +2 E.Kv. of expected result. Table 1 shows that in 
such series some films can be expected to vary as much as +5 Kv.P for expected 
technique, a total possible variation of 10 Kv.P between films. When such 
large amounts of variation are used to define the permissible limits of a tech- 
nique, the definition has no practical meaning; therefore, the present definition 
of a satisfactory technique as one in which all films do not vary by more than a 
given amount from a given standard is either meaningless or unattainable and 
should be changed to a more practical as well as scientific basis. It should be 
defined as one in which a given percentage of films does not vary by more than 
a given amount from a given standard. 


TABLE 1 
Variation from results expected 


+5 | +4] +3 | +2) +41 
To | To | To | To | TO 
LIMITS OF +6) +5 | +4) +2 
+ 2 E.Kv. 
0 
1 


6| 43 

4 | 23 | 72 
4/14 | 41 | 90 4 
1 12 | 29 | 57 | 96 12 
4 26 | 41 | 67 | 94 | 120 26 
18 37 | 52 | 70 | 83 | 97 37 18 


—5 
To 
0 
1 


The figures in the columns show the approximate number of films varying from expected 
results by the amounts shown at the top of the columns when the percentage of films within 
limits of +2 E.Kv. are those shown at the left. Based on 1,000 films. Calculated from 
tables of the normal curve of error. This presupposes that the technical errors occur in 
perfectly random fashion. Under actual routine conditions the distribution is unsymmet- 
rical because some of the technique errors do not occur in random fashion. Under these 
conditions the number of films with large errors is usually greater than shown, for a given 
percentage of films within limits. However, the table illustrates the type of distribution 
which may be expected in a large series of films. This was confirmed by actual tabulation 
of the results obtained under routine condition, as described in the text. 


During these studi-s, the need of expressing variations of total technique in 
simple terms became apparent. Many systems have been used. Variations 
have been expressed as of relative speed, or as of relative length of exposure, or 
relative milliampere-seconds, or density differences, all of these either expressed 
logarithmically or as percentage differences. They have also been expressed 
as under- or overdeveloped, or under- or overexposed, or under- or overpene- 
trated. A fairly common method has been the expression of these differences 
as relative kilovoltage. All have their advantages and disadvantages. None 
is capable of translation into absolute values except for a very narrow range and 
for specific conditions. The expression of the differences present in an average 
technique by the terms overdense or underdense is recommended because it is 
more exact than the use of terms such as underdeveloped, overexposed or under- 
penetrated. It is recommended also that these differences be evaluated in 
terms of the kilovoltage differences which it would be necessary to use in order 
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to obtain similar differences in density if all other variables were eliminated. 
For this evaluation, the contrast differences may be disregarded because contrast 
differences resulting from small variations in kilovoltage are much less marked 
than the density difference the latter produce. 

The practical value of thus expressing variations is evident when it is realized 
that, in any given modern chest radiographic technique, the kilovoltage is usually 
the one recognized variable, all other factors being supposedly kept constant. 
We are therefore using the words ‘equivalent kilovolt” as the most convenient 
method of expressing differences in density produced on the films. In this 
paper, it is abbreviated E.Kv. When it is stated that two films have a 2 E.Kv. 
difference, it does not imply that the films were actually taken at different kilo- 
voltages, but only that the finished films approximately vary in density as if 2 
Kv. more, or less, had been used in taking them and all other variables eliminated. 

The experimental work done showed that when a technique is such that the 
percentage of films within +2 E.Kv. of expected results is below 70 per cent, 
films of poor comparative quality are obtained so often that the technique is 
definitely unsatisfactory for accurate comparative serial studies. It is our 
present opinion, based on the critical review of a large number of cases of all 
types, that this percentage should be at least 80 per cent if the relative accuracy 
of a chest technique used in a tuberculosis sanatorium is to satisfy the demands 
of most of the diagnosticians in this type of institution. 

Both the experimental work done and the review of films taken under varying 
conditions showed that under average conditions this percentage seldom exceeds 
50 per cent for an extended period of time. It may be 90 per cent or higher for 
a given day, but it does not remain there because uncorrected variations occur 
from day to day. As an example, the variations in the output of the X-ray 
equipment alone, caused by normal wear in the tube and valves, adversely 
affect this percentage unless they are compensated for. In the past year and a 
half we have had to increase periodically the kilovoltage setting of one machine 
in order to obtain a given density, after all other variables had been properly 
compensated. We now have to set the machine 6 Kv.P higher than we did 


OVER 


in eighteen months ago to obtain similar result. 

1S However, with the help of the information derived from the step tablet, we 
r have been able to increase the percentage of films within plus and minus 2 
d E.Kv. from less than 50 per cent to over 90 per cent. Our average for the 
| period covering the past eighteen months has been approximately 93 per cent. 


EFFECT OF TECHNIQUE ON QUALITY 


The appearance of a finished radiogram, usually expressed by the all-inclusive 
word quality, is the end result of many factors and, before a clear discussion of 
the subject can be given, the effect of the most important of these factors should 
be described. 

They fall into two main classes: 


1: The factors which are primarily connected with the equipment, material and proc- 
essing used. These form the main basis of this study and will be discussed at length. 
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2: The factors which are not primarily connected with the equipment or material or 
processing used, but which are primarily connected with the technician’s skill or the 
patient’s codperation. These, such as position and blurring due to body motion or 
respiration, will only be referred to as occasion demands. It is assumed that as a rule 
the positioning and movement control are within the limits of satisfactory work and the 
problems of duplication here discussed are only those of duplication of radiographi¢ 
results in identical objects identically placed. The very definite problems presented 
by proper positioning are recognized but form only a secondary part of this study, 


The quality factors which are affected by equipment, material and processing 
are: sharpness, density and contrast. The quality of serial radiograms always 
would be the same if the characteristics of the equipment, material and processing 
were constant. However, these characteristics are not constant and each 
change leads to proportionate variations in the quality of the films. When these 
variations or their effect are at minimum, technique variations will also be mini- 
mum and the best duplication of quality will be obtained. Therefore, constancy 
of radiographic results (duplication) can best be attained by keeping the varia- 
tions at a minimum and by compensating unavoidable variations of one factor 
with equal but opposite changes of another factor, so that the sum total of the 
effect of all technical factors remains constant. This swm total of the effect of all 
technical factors on the density and contrast of a radiogram we have called “total 
technique” for the sake of brevity. 

The sharpness of a radiogram is an important factor affecting the amount of 
detail visible in the image. The sharper the image, the more detail is visible, 
other conditions being the same. The detail that can be seen is not always the 
same as the detail present in an image. Seeing is a very complex physiological 
process and the detail that can be seen is influenced by the density and contrast 
of a radiogram as well as by the illumination used. However, when the density, 
contrast and illumination are nearly constant and motion is eliminated, the 
sharpness of a radiographic image depends on the size of the tube focus, on the 
relative distance of the tube, film and parts radiographed, on the definition char- 
acteristic of the screens and on the contact between the screens and film in the 
cassettes. The tube focus size, the film, object and tube relative distances, and 
the characteristics of the screens do not enter into the problem of total technique 
duplication if they are kept constant. This should be the case in an estab- 
lished technique. The contact, or rather the lack of good contact, between 
screens and film has a very marked influence on the sharpness of the radiograms 
and, under certain conditions, on the density and contrast. However, with 
good contact in all cassettes, this does not enter into the problem. It is assumed, 
unless otherwise stated, that the tube focus size and the relative distances be- 
tween tube, object and film are kept constant and that all cassettes and screens 
are similar and have good contact. Under these conditions, ‘duplication of 
total technique” involves only the “duplication of the density and contrast” of 
radiograms of identical object. In terms of routine chest technique this means 
that “once a satisfactory radiogram has been obtained on a given patient, all 
subsequent radiograms taken have a density and contrast closely approximating 


or 
he 
or 
ule 
he 
hic 
ted 
ly. 
ng 
ys 
ng 
ch 
se 
i- 
cy 
ia- 
or 
he 
all 
al 
of 
le, 
he 
cal 
st 
y; 
he 
he 
ur- : 
he 
nd 
ue 
b- 
en 
ms 
th 
ad, 
ns 3 
of 
of 
ns 
all 
ng 


212 WILLIAM H. WEIDMAN AND JEAN KIEFFER 


2: The factors which are not primarily connected with the equipment or material or 
processing used, but which are primarily connected with the technician’s skill or the 
patient’s codperation. These, such as position and blurring due to body motion or 
respiration, will only be referred to as occasion demands. It is assumed that as a rule 
the positioning and movement control are within the limits of satisfactory work and the 
problems of duplication here discussed are only those of duplication of radiographic 
results in identical objects identically placed. The very definite problems presented 
by proper positioning are recognized’ but form only a secondary part of this study, 


The quality factors which are affected by equipment, material and processing 
are: sharpness, density and contrast. The quality of serial radiograms always 
would be the same if the characteristics of the equipment, material and processing 
were constant. However, these characteristics are not constant and each 
change leads to proportionate variations in the quality of the films. When these 
variations or their effect are at minimum, technique variations will also be mini- 
mum and the best duplication of quality will be obtained. Therefore, constancy 
of radiographic results (duplication) can best be attained by keeping the varia- 
tions at a minimum and by compensating unavoidable variations of one factor 
with equal but opposite changes of another factor, so that the sum total of the 
effect of all technical factors remains constant. This sum total of the effect of all 
technical factors on the density and contrast of a radiogram we have called “total 
technique” for the sake of brevity. 

The sharpness of a radiogram is an important factor affecting the amount of 
detail visible in the image. The sharper the image, the more detail is visible, 
other conditions being the same. The detail that can be seen is not always the 
same as the detail present in an image. Seeing is a very complex physiological 
process and the detail that can be seen is influenced by the density and contrast 
of a radiogram as well as by the illumination used. However, when the density, 
contrast and illumination are nearly constant and motion is eliminated, the 
sharpness of a radiographic image depends on the size of the tube focus, on the 
relative distance of the tube, film and parts radiographed, on the definition char- 
acteristic of the screens and on the contact between the screens and film in the 
cassettes. The tube focus size, the film, object and tube relative distances, and 
the characteristics of the screens do not enter into the problem of total technique 
duplication if they are kept constant. This should be the case in an estab- 
lished technique. The contact, or rather the lack of good contact, between 
screens and film has a very marked influence on the sharpness of the radiograms 
and, under certain conditions, on the density and contrast. However, with 
good contact in all cassettes, this does not enter into the problem. It is assumed, 
unless otherwise stated, that the tube focus size and the relative distances be- 
tween tube, object and film are kept constant and that all cassettes and screens 
are similar and have good contact. Under these conditions, “duplication of 
total technique” involves only the “duplication of the density and contrast” of 
radiograms of identical object. In terms of routine chest technique this means 
that “once a satisfactory radiogram has been obtained on a given patient, all 
subsequent radiograms taken have a density and contrast closely approximating 
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that of the original radiogram, provided that the patient himself or his position 
and breathing has not varied.” It can be seen from this definition that if 
the chest images on two radiograms taken with identical total technique are not 
similar, the variations in the appearance of these images must of necessity 
indicate a change in the patient. 

When noticeable differences are present in films which have not been taken 
with identical total technique, it is usually difficult to determine whether the 
differences are caused by variations in the patient proper (position, disease, 
breathing) or by variations in the total technique (equipment, material, process- 
ing). They may be caused by variations of both types. Even when the 
differences caused by the position or the breathing of the patient are very ob- 
vious, part of the difference in radiographic quality may also be caused by 
variations in the total technique. The appearance of the chest image alone 
cannot be used as a guide or criterion of the duplication of radiographic tech- 
nique. However, when some object of unvarying radiographic characteristic 
is included on the radiogram, the image of that object always has the same quality 
if the total technique is identical. 

The use of tablets made of steps of varying thicknesses of metal as control 
objects has been advocated by Weyl and Warren of the Moore School of Elec- 
trical Engineering.* However, before we could use this method satisfactorily 
in our work, we first had to devise tablets suitable for routine use. The copper 
step tablet proved very satisfactory. The correlation between experimental 
data gathered by its use and actual routine work has been truly amazing; differ- 
ences of 0.5 E.Kv. can be detected consistently with it when the densities are 
read by a densitometer. Visually, under proper viewing conditions explained 
later, differences of 2.0 E.Kv. are very noticeable, and most observers consist- 
ently evaluate differences of 1.0 E.Kv. It is to be noted that in this study of 
technique variables the use of the step tablet completely segregated the effect 
of any variations caused by the patient’s physique, position or breathing and, 
when used in conjunction with the densitometer, minimized the observation 
error to a negligible quantity. This made possible the analysis of techniques 
on a large scale. The segregation of the variables caused by the patient per- 
mitted the isolation of technical factors so that they could be studied one by 
one, under routine conditions. The effect of their random cumulation could 
thus also be ascertained. 


THE COPPER STEP TABLET 


The step tablet we use is a thin copper tablet composed of six indicating steps 
surrounded by a lead mask instead of the three steps of aluminum advocated by 
Weyl and Warren. Both are shown in figure 1. Unlike the aluminum tablet, 
the copper tablet is thin enough to be mounted directly on the cassette (figure 2) 
without interfering with the cassette’s use in most stereo cassette-changers. 
Unless a tablet is placed directly on the front of the cassette, the densities pro- 


3 See Apparatus and Technique for Roentgenography of the Chest, Charles Weyl and 8. 
Reid Warren, Jr., Charles C. Thomas, Publisher, 1935. 
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duced under the indicating steps are vitiated by the radiation scattered by the 
patient’s body and equipment, and it is no longer an accurate index of technique. 
The radiographic appearance of a chest film made with the tablet in position is 
shown in figure 3. The six steps assure that a density comparable to the median 
density of a chest film is produced under at least one step, for the usual radio- 
graphic range used for chest work. The lead border permits direct visual com- 


Fic. 1. Standard step tablets. The upper tablet is of aluminum, made according to 
Weyl and Warren specification, plus a lead shield. The lower tablet, much thinner, is of 
copper, as described in the text. 


Fic. 2. Tablet mounted on cassette. Above the tablet is the lead number identifying 
the particular cassette illustrated. The tablet is no thicker than the projection of the 
cassette frame above the cassette front and offers no obstruction to ordinary usage. It is 
cemented on with cellulose cement, so that its image appears on the film 25 mm. from the 
edges. 


parison to be made, thus obviating the use of special instruments for routine use. 
This direct comparison has proved accurate enough for the information required 
in routine work. Readings can be made to an accuracy of +1 E.Kv. For very 
exact work, the densities can be read with the densitometer and an accuracy of 
better than +0.5 E.Kv. obtained. 

The copper tablet consists of six steps made of copper foil 0.107 mm. thick, 
each step being 6 x 6 mm. square and composed of 2, 3, 4, 5, 6 and 7 layers of foil 
respectively. They are surrounded by a lead mask, 16 x 51 mm. in size with an 
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aperture 6 x 36 mm. through which the six indicating steps appear. At the 
normal radiographic range of 45 to 90 Kv.P, these steps have approximately 
the same absorption as steps composed of a similar number of layers of one-eighth 


Fig. 3. Appearance of tablet image on finished film. The placement of the tablet on the 
cassette as shown in figure 2, and the resulting position of the tablet image on the film il- 
lustrated here are recommended as standard in order to facilitate comparison of films taken 
in various laboratories. 


inch aluminum. The copper tablet therefore covers a similar range as a tablet 
of aluminum of six steps ranging from one-fourth to seven-eighths inch thick. 
A more complete description of the copper tablet and its properties with construc- 
tional details will appear in a future article. 
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A very simple way to mount the tablets is to cement them on the front of the 
vassettes with celluloid cement. 

Any variation in the tablet densities produced on different radiograms by a 
supposedly similar technique indicates variations in that technique. Proper 
analysis can often reveal the cause of these variations and indicate the necessary 
corrections. (A detailed explanation will appear later.) Also, in serial studies 


B 


Fic. 4. A. Determination of total technique variations between two chest films. Any 
disparity in tablet images indicates a corresponding disparity in the techniques used to 
produce the films. 

B. Determination of equivalent value of total techniques. The tablet image on a chest 
film is checked against a calibrated standard. The kilovoltage value of the standard at 
the point of match indicates that the total technique used to produce the chest film gave 
results equivalent to those produced by that kilovoltage under standard conditions. 

For further details see text. 


of chest disease; the correlation between the tablet images on two films taken at 
different times affords an accurate indication of the relation between the total 
technique used each time. 

Comparison of tablet density is easily made by superimposing two films in 
front of an ordinary illuminator, so that the steps image of one is seen through the 
clear border of the other and of placing the same steps in juxtaposition (figure 
4A). A difference equivalent to one kilovolt shows a slight but definite difference 
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in tablet image density. This method has been found very accurate when the 
amount of fog present in the image of the lead border is small and approximately 
the same for both films being compared.‘ 

This simple procedure has, in our experience, greatly facilitated the correct 
interpretation of small changes seen in pulmonary lesions, particularly when the 
serial films were not of strictly comparable radiographic qualities. 

The tablet has proved very valuable as an index of the quality of the general 
technique used for chest work in our laboratory. A set of standards was pre- 
pared consisting of tablet images taken at 2 Kv.P intervals and covering the 
entire range of techniques used routinely. These were developed with extreme 
care using our standard dark-room procedure with exact control of temperature, 
development time and agitation. We therefore obtained a standard consisting 
of tablet images of various densities, with each image representing the results 
expected from our standard technique at any Kv.P which we might use. 

Routine comparison of films taken subsequently against this standard shows 
immediately whether or not the results of the radiographic technique used for 
each finished film is exactly as expected or, if not, how great is the departure 
from expected results (figure 4B). By actual match or by interpolation, it is 
possible to estimate within one kilovolt the Kv.P which should have been used 
to expose the routine films to obtain the results shown by these films if all the 
other factors of exposure, material and processing had remained standard. The 
difference between this and the Kv.P for which the machine was set is the differ- 
ence in expected results expressed in Kv.P, or equivalent to that difference in 
Kv.P. For example, if the tablet image on a film is found to be slightly darker 
than the standard image made at 62 Kv.P and slightly lighter than that made at 
64 Kv.P, the film under study can be said to have been made with a technique 
equivalent to 63 Kv.P, regardless of the factors actually used for the exposure. 
The machine may have been set to deliver an output equivalent to that used for 
the 66 Kv.P standard and the film underdeveloped, in which case the resulting 
film is —3 E.Kv. from expected results, or the machine may have been set to 
deliver 60 Kv.P and the film overdeveloped, in which case the resulting film is 
+3 E.Kv., or the machine may have been actually set to deliver 63 Kv.P, 
delivered a slightly higher output than normal (either as MAS, Kv.P or both) 
and the film slightly underdeveloped, thus compensating for the increased 
exposure, in which case the resulting film is zero E.Kv. from, or equal to, ex- 
pected results, even if inaccurately exposed and processed. 

With such a method each film can be accurately gauged from the point of view 
of departure from expected technique provided the factors used for the exposure 
are recorded. In actual practice the Kv.P or prereading voltage need only be 
recorded if factors of length of exposure and milliamperage are supposedly kept 
constant. Such records should be made routinely if it is desired to duplicate 


4It is also assumed here that the quality and storage of the films, and the dark-room 
illumination and procedure, are such that no significant amount of fog is present on the 
finished films. Noticeable variations in the amount of fog present can so alter the compari- 
son quality of serial films as to preclude duplication within satisfactory limits. 
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the technique subsequently. A tabulation of the results then permits an 
accurate evaluation of the general technique used in the laboratory, both as to 
mean technique and as to range of variation; it can also indicate the cause or 
causes of the variation and suggest the remedy. 


VARIABLE OF CHEST TECHNIQUE 


With the help of the tablet, an extensive study of the variable present in chest 
technique was made as part of the investigation. A detailed report of this work 
also will be published separately. A table of the most important variables and 
their magnitude under various conditions is given here (table 2). Some of the 
magnitude listed will no doubt be found much greater than expected. This is 
particularly true of the magnitude of the processing variable. But the total 
processing variable is itself composed of at least three important variables, 
namely, the time-temperature variable, the exhaustion variable and the agita- 
tion variable,5 each of which, under average routine conditions, may exceed 
+2 E.Kv. The improvement of processing methods is the key to the improvement 
of technique. In the average laboratory great improvement in the duplication of 
serial films can easily be obtained by simply being more careful with the processing 
of films. 

Table 2 also shows how the magnitude of the variables may be effectively 
reduced by proper control. This effective reduction is obtained mainly by com- 
pensating one variable by another of equal magnitude but opposite effect. It is 
not even necessary to know definitely which factor is at fault or by how much. 
Duplication of tablet image assures duplication of total technique. A quick 
checkup of a number of routine films made each day as soon as they are dry indi- 
cates the compensation necessary. This is more accurate than any single well 
controlled test usually is and consumes much less time. Variations in mean 
technique can thus be corrected quickly before they reach a value which would 
lower the percentage of films within limits below the 80 per cent considered 
satisfactory. 

As an example, the results in one laboratory were changed from 35 per cent to 
85 per cent of films within limits of +2 E. Kv. without making any other change 
than the correction of development time as indicated daily by matching tablet 
images. The equipment was not altered or adjusted in any way, nor was the 
brand of films, screens or developing chemical changed. There seems to be no 
reason why this could not be done in other laboratories, provided that they have 
ordinary good radiographic equipment. 

Under any condition, the following processing requirements at least are essen- 
tial if good duplication technique for serial chest work is wanted: 


1: Length of development time for each film should be controlled within plus or minus 
thirty seconds, preferably within plus or minus fifteen seconds. 

2: Temperature should be controlled within plus or minus 1°F., preferably within plus 
or minus 0.5° F., or development time correction made accordingly. 


5 Density variations caused by agitation, often disregarded, are under certain conditions 
great enough to surpass those caused by one minute variation in the development time. 
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TABLE 2 
Magnitude of duplication variables 


DEVIATION FROM MEAN IN squivatunr KILOVOLTS 
CAUSE Average technique ont Controlled technique and 
equipment good equipment 
Worst found 
Maximum Mean Maximum Mean 
Phase of respiration....... 4 2 Negligible 2 Negligible 
Relative position (film, 
patient and tube)....... 3 1 0.5 Negligible | Negligible 
Radiographic equipment: 
Daily variable.......... 8 4 2 2 1 
Long time variable*..... 10 5 3 1 Negligible 
Intensifying screens....... 8 5 2 Negligible | Negligible 
5 5 2 2 Negligible 
10 7 3 2 1 
Total possible error** (ex- 
cluding respiration)... 44 27 7 
Most probable errors (ap- 
proximate mean vari- 
Nearly Between +1 
+8 +2 and 
3 
Results 
For large series of films. . Less than 80 per cent 
50 per cent to 90 per 
of films cent of 
within +2 films with- 
E.Kv. in +2 E.Kv 
For single films when 
most variations are 
cumulative............ Complete | Complete Barely ac- 
failure failure ceptable 


* This is caused by normal wear or abuse. Approximately estimated for one year. A 
single overload on the tube resulting in the pitting of the target may suddenly reduce the 
output by 25 per cent.(3 to 4 E.Kv.) or more. 

** Respiration excluded because films are not comparable in any case if the phase of 
respiration during which they are taken is noticeably different. 

Note: The values shown in this table are departures from the mean. The total range 
of variations are therefore twice as great. The value given in the column marked ‘“‘worst 
found”? shows the maximum variations encountered in laboratories which made at least 
some attempt to produce good radiograms. In some departments using obsolete equip- 
ment or poorly trained personnel, the variations were even greater. 

The results of 50 per cent of films within +2 E.Kv. of expected technique given as a 
mean for an average technique and equipment reflect only the variations which are caused 
by the equipment, material or processing. The actual variations in serial films in an 
average laboratory are much greater (less than 50 per cent of films within +5 Kv.P. of one 
another) because in many departments no record is made of the previous technique used 
and variations in measurement of the patient are added to those of the technique proper. 
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8: Approximately the same agitation should be given each film, or the proper develop- 
ment time correction made to compensate for differences in agitation. 

4: Changes in developer characteristics (primarily exhaustion) should be compensated 
by proper variation of development time, accurate to within thirty seconds, and the 
developer discarded before changes in contrast become noticeable. 

5: The films should all be placed in the same position in the developer (all head up 
or all head down). 


PRACTICAL USE OF THE STEP TABLET 


The comparison of tablet images on two films taken at different dates on the 
same patient affords a means of evaluating any difference in technique which 
might affect the radiographic quality of chest films and therefore the interpreta- 
tions of small changes in pulmonary lesions. 

It is obvious that if the tablet image matches visually any difference in the 
appearance of the lung field is due to change in the patient, regardless of the 
source.® 

It is also obvious that a difference in density of the tablet image indicates a 
corresponding difference in the total technique used on the two films. Variation 
in contrast can also be estimated by the differences in the amount of variation 
at both ends of the tablet. If they match at one end and the tablet image on 
one film is darker at the other, a difference in contrast is indicated, an increase 
in density at the high density value indicating increase in contrast, an increase 
at the low density value, a decrease in contrast. The evaluation of these differ- 
ences and of their probable effect on the radiographic appearance of the lesion 
under study is a matter of primary importance. Experiments have shown that, 
if an object whose borders are not as dense as its centre and blend gradually into 
the surrounding tissues (for instance an infiltrative type of lesion) is radio- 
graphed with varying technique and the films viewed under similar conditions 
of illumination, it will appear larger on a lighter film and smaller on a darker film 
of equal contrast and sharpness. And for films of equal median density it will 
also appear larger, as well as more prominent on the more contrasty film. 
Therefore, the diagnostic significance of the difference in appearance of such 
lesions on radiograms taken at different times varies with the degree of simi- 
larity in the quality of the various films. A given small change in the appear- 
ance of a lesion, which can be considered just significant of an increase in the 
size of that lesion on films of equal technique, can be of no significance whatever 
if the film made at the latest date is lighter or more contrasty and can be of 
very definite significance if the latest film is darker or less contrasty. Obvi- 
ously in such instances, an accurate means for the evaluation of technique varia- 
tion is of definite help. In several instances, in one clinic, films, which in the 
opinion of several physicians showed progressing lesions, proved when reanalyzed 
with the help of the tablet image that the latest film was from 3 to 5 EKv. 


6 This is true only if the films are always developed in the same position (all head up, or 
all head down) and if they all have received at least moderate agitation during development. 
Otherwise, local differences in developing action caused by the reaction products can affect 
the density of the chest image and of the tablet image by noticeably different amounts. 
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lighter and the changes therefore no longer of significance. Further studies of 
the patients proved this to be true; the lesions were stable. The reverse has 
also been true. As a case in point, an increase in pleural effusion would have 
been missed if the tablet control had not been used. The last film taken was 
lighter than the previous films and the first impression was that this was caused 
by a difference in technique. However, the tablet images matched, indicating 
that there was no difference in technique, but that the lightness of the last film 
was definitely caused by an increased density of the patient’s chest. As the 
patient had not gained weight and as there was no difference in respiratory phase, 
an interpretation of increased effusion was therefore made. This was later con- 
firmed. Anyone who is frequently called to give an opinion as to the significance 
of small changes in serial radiograms should realize the importance of duplicating 


Fic. 5. The upper tablet images are from the films being compared. The lower tablet 
images are from the 73 E.Kv. standard tablet image in all three cases. 

A. Film taken at 73 Kv.P. Matches 73 E.Kv. standard exactly. Total technique 73 
E.Kv. No contrast difference. Departure from expected results 0. 

B. Film taken at 73 Kv.P. Lighter than 73 E.Kv. standard. Found to match 68 E.Kv. 
standard throughout. Total technique 68 E.Kv. No contrast difference. Departure from 
expected result —5 E.Kv. Caused by exposure factors (underexposure). 

C.. Film taken at 73 Kv.P. Denser than 73 E.Kv. standard. Approximate match for 
median diagnostic density at 77 E.Kv. Definite increase in contrast. Departure from 
expected results +4 E.Kv. Caused by processing factor (overdevelopment). 

These illustrations are examples of the type of variations seen in tablet images. They 
are not quantitatively correct because of the limitation of the reproducing-process. 


a given technique within narrow limits and the value of an accurate means of 
determining small variations in technique. 

The problems of keeping a given chest technique constant within narrow limits 
over either short or long periods of time is greatly simplified by the use of a step 
tablet as a means of technique control. 

The tablet can also be used to estimate the probable cause of the variation 
greater than 2 E.Kv. between any two films taken with supposedly the same 
technique, remembering that large variations showing only density differences 
are probably due to the exposure factors and that such variations showing con- 
trast differences have at least some processing factor as part, if not all, of their 
cause (see figure 5). Experience with the method soon permits quick and accu- 
rate determination of the most common causes of troublesome variations. 
The actual cause of small variations is more difficult to determine, but this is 
unimportant because small variations do not result in significant contrast change 
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even when they result in significant density changes. Density variations of 
1 to 2 E. Kv. from mean can be corrected most easily by changing the develop- 
ment time alone fifteen to twenty seconds per E.Kv., depending on the material 
used. Under average conditions this does not change the contrast significantly 
while it results in adequate density correction. 

If the technique in use does not afford duplication of results within satisfactory 
limits, that is, if an analysis of results shows that less than 70 per cent? of the 
films are within plus or minus 2 E.Kv. from the mean, variables of large magni- 
tude are indicated and the proper corrections should be made to reduce their 
magnitude before the technique can be capable of giving results within the 
limits mentioned. 

Here again, the fact that the tablet image comparison can indicate variations 
in contrast proves valuable. 

When the films all match a tablet image standard within narrow limits as to 
contrast, but show marked variation in density, that is, if most overdense films 
show no increase in contrast and most underdense films no decrease in contrast 
when compared with standard images, variations in exposure are indicated. 
The most common cause is an erratic timer; next, the taking of the radiograms 
in cassettes fitted with screens of different speed; next, rapid fluctuations in line 
voltage occurring between the setting of the machine and the actual exposure, 
which cannot be compensated for by the most careful setting of the machine 
(slow changes in line voltage are usually easily compensated for by using a pre- 
reading voltmeter or a compensating control, either being integral parts of all 
modern machines). 

The remedy for the two first causes are obvious. Readjust the timer and use 
only cassettes fitted with screens of known matched speed or use a correction 
factor (increased or decreased Kv.P) for cassettes which are found to be much 
faster or slower than the average cassettes used in the department. Unfor- 
tunately, little can usually be done for rapid line voltage fluctuations unless they 
be due to a poor connection. If they are not, they are usually caused by sudden 
load variations beyond the control of the X-ray department. 

A number of other factors can also produce variation in density without con- 
trast changes when compared with standard tablet images, but they occur so 
seldom or their magnitude is usually so small that they need not be considered 
at this time; they only become significant when a technique better than 80 per 
cent of films within plus or minus 2 Kv.P is desired. 

When the films show marked differences in contrast as well as density and 
when this change is always increased contrast for increased density and de- 
creased contrast for decreased density, variations in processing are indicated. 
These are by far the most common cause of poor duplication of technique. In 
fact, it is relatively seldom that a poor technique is due to a poor machine or 


7 Experimental studies have shown that at least 80 per cent of the routine films must be 
within this limit if most of the films used for critical serial studies are not to show quality 
differences which might affect the interpretation of the series. 
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line voltage when modern installations from reputable manufacturers are used, 
although the blame for erratic technique is most often placed on the equipment. 

When some films show marked differences in contrast without corresponding 
changes in density, both exposure and processing variables are greater than con- 
sistent with good technique. 

No definite rule can be given to assist in determining which particular pro- 
cessing factor is at fault. However, if the variations are approximately the 
same from day to day, the most probable cause is variation in the development 
technique proper, that is, the length of time that the films are in the developer 
and the manner in which they are placed or removed from solution and agitated 
during the time they are in the solution. 

If the variations show a tendency to follow a daily cycle, that is overdense one 
day, underdense the next and normal the next, the cause is probably one of varia- 
tions in the temperature of the developer which are not properly compensated for. 

If the variations show a tendency to follow a developer batch, that is, fair with 
fresh developer but becoming worse as the developer is used, variations due to 
improper correction of development time for the stage of exhaustion of the 
developer are indicated. 

If the variations show a tendency to follow a fixing batch, that is, poor when a 
fresh hypo solution is used and becoming fair after the batch has been moder- 
ately exhausted, variations in the fixing time are indicated. These variations 
are usually disregarded, yet our experiments have shown that in fresh hypo 
films left longer than fifteen or twenty minutes can lose enough density to cause 
significant differences. ‘These variations, which also increase the contrast, de- 
pend greatly on the temperature of the bath and are commonly as high as 20 
per cent of density (equivalent to about 3 Kv.P) after one hour and may even 
greatly exceed this value. This is only true for freshly made fixing bath, the 
bleaching effect diminishing greatly as the bath is used. In fresh hypo, films 
have been practically bleached out in twenty-four hours, while at another time, 
a stay of forty-eight hours in hypo near the exhaustion point caused no signifi- 
cant difference in the density of the finished films. Because variations caused 
by too long immersion in fresh hypo result in decreased density and increased 
contrast, they are easily differentiated from variations in development where 
both density and contrast are generally increased or decreased simultaneously.® 

Unless the processing control is at least similar to that previously given in the 
requirement for satisfactory duplication, 80 per cent of films within plus and 
minus 2 E.Kv. can hardly be obtained even with a machine of satisfactory per- 
formance and without variations in the speed of screens or films. Keeping a 
processing technique within these limits requires care, but the results are well 
worth it, if critical serial studies of chest films are required. 


8 Under certain conditions decreased development time may produce decreased density 
without change of contrast, or even with increase of contrast. This occurs when the de- 
velopment time is such as to be greater than that required for maximum contrast. This is 
relatively rare in a good processing technique and occurs mostly when films are developed 
for a long time in a developer near or past the safe exhaustion point. 
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The above remarks considering variations in density and contrast in the fin- 
ished film, their probable cause and their remedy, also apply to any radiographic 
technique even when the step tablet cannot be used or is not being used. How- 
ever, without the tablet the differences in density of the radiographic field caused 
by the patient’s variations cannot be recognized as easily and a correct estimation 
of the actual technique error present is very much more difficult. Many varia- 
tions present in our technique previous to our using the step tablet, which were 
ascribed to poor exposure or processing technique, have since been shown to 
have been due to the patient. The reverse is also true. 

Since we have used the tablet as a technique check our results have been 
markedly improved. At the start, as previously stated, our technique gave us 
less than 50 per cent of films between plus and minus 2 E. Kv. of expected results, 
even if it was thought by us and others to be a better than average technique. 
Within a week, the percentage was raised to 65 per cent and this by making only 
one correction: that of seeing that all films received approximately the same 
agitation, or of correcting for unavoidable differences in agitation by varying the 
development time. Within a month, the percentage was near 80 per cent. 
This was achieved mostly by correcting the differences in the speed of films as 
they were put into use.® Since that time, our percentage has consistently ex- 
ceeded this; it is now only occasionally that a pair of films on which comparative 
readings are being made is found to be unsatisfactory for accurate interpretation 
and then, in most cases, this is not due to the radiographic technique proper but 
to variation in position or breathing, or to marked change of weight of the 
patient, which was not adequately compensated for when the exposure was made. 

As previously stated, a review of one entire year’s work (7,000 films) gave a 
percentage of 93 per cent of films within the limits of plus and minus 2 E.Kv. 
from expected results, and this more easily and more cheaply than before the 
installation of accurate technique control. The details of this study, the vari- 
ables found, their values and the steps taken for their elimination will be pub- 
lished later. This single instance is here given as an illustration of the practical 
value of the step tablet as a means of technique control. 


SUMMARY 


Experimental studies and analysis of routine work have shown that the per- 
missible variations in chest radiographic technique vary with the purpose of the 
examination. This permissiblé variation or tolerance can be equivalent to plus 
or minus 5 Kv., a range of 10 Kv., often more, without detriment, if the films 
are intended for original diagnosis. However, if the films are intended for serial 
study in order to determine the activity or progress of lesions, the tolerance is 
much smaller. Tolerances smaller than plus or minus 1 Kv. have often been 
advocated. 

Techniques producing all films within such small tolerances have been found 


* The differences here noted do not necessarily imply manufacturing variations. Age 
and condition of storage probably have a greater effect on emulsion speed than normal 
manufacturing variations. 
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impracticable for routine work. With the most careful technique used under 
practical routine conditions, 5 to 10 per cent of the finished films did not fall 
within limits of plus or minus 2 Kv., and occasionally films showing deviations 
greater than plus or minus 5 Kv. have occurred, on account of the cumulative 
effect of the many variables inherent in the processes involved. It is shown that 
the distribution of such variations follows closely that expected from the normal 
curve of error. On account of this, it has been found impractical to define the 
adequacy of a technique by setting limits within which all films must fall. It 
should rather be defined by the percentage of films which fall within given 
limits. A technique for satisfactory duplication of serial films should assure 
that at least 80 per cent of the films fall within limits of plus or minus 2 Kv. 
The average techniques in use seldom permit this percentage to exceed 50 per 
cent. While this is adequate for original diagnosis, producing 85 per cent of 
films within limits of plus or minus 5 Kv., it is not satisfactory for serial chest 
work. It is shown that with careful control, for which the methods are de- 
scribed, percentages of 90 of films within plus and minus 2 Kv. over long 
periods of time can be obtained, thus greatly enhancing the ease and accuracy 
of the interpretation of serial films. This can be obtained at an over-all saving of 
time and material. The improvement of the processing method is the key to the 
improvement of technique because in the average laboratory the processing 
variations are the greatest cause of lack of duplication. Marked improvement 
can be expected by careful control of these variables, particularly by taking care 
that the agitation is approximately the same for all films, or that development 
time correction be made for any marked differences in treatment. The minimum 
requirements for satisfactory processing technique are described. 

Control by means of a properly designed step tablet on every exposure is 
necessary if accurate evaluation of technique standard is desired; for that pur- 
pose a copper step tablet is described and advocated. 


SUMARIO 


Los estudios experimentales y los andlisis sistemdticos han revelado que las 
variaciones tolerables en la técnica de la radiografia toracica varian segin el 
objeto del examen. Esa tolerancia puede representar 5 Kv.+ hasta un limite 
de 10 Kv. y a menudo mas, sin perjuicio, si se destinan las peliculas a diagnéstico 
primario, mas si se trata de un estudio seriado encaminado a determinar la 
actividad o avance de las lesiones, la tolerancia es mucho menor, habiéndose 
recomendado a menudo cifras de 1 Kv.+. 

Las técnicas que producen peliculas todas las cuales se conforman a esas 
pequefias tolerancias han resultado poco prdacticas para labor corriente. Con la 
técnica mas cuidadosa usada en la practica, de 5 a 10 por ciento de las pelfculas 
acabadas no quedaron dentro de limites de 2 Kv.+, y de cuando en cuando 
hubo peliculas que revelaron variaciones mayores de 5 Kv.+, debido al effecto 
acumulativo de las muchas variables que intervienen en los procedimientos 
utilizados. Demuéstrase que la distribucién de esas variaciones conférmase 
bastante bien a lo esperado dada la curva normal de errores, por lo cual no ha 
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resultado factible definir si una técnica es o no adecuada estableciendo lIfmites 
a los cuales deben amoldarse todas las peliculas. La definicién debe comprender 
mas bien el porcentaje de peliculas que corresponde a los limites dados. Una 
técnica para la uniformidad satisfactoria de las peliculas seriadas debe asegurar 
que por lo menos 80 por ciento de las mismas corresponden al limite de 2 Kv+. 
Las técnicas habituales rara vez permiten que ese porcentaje pase de 50. Aunque 
éste es adecuado para el diagnéstico primitivo, produciendo 85 por ciento de 
peliculas que quedan dentro de los limites de 5 Kv.+, no resulta satisfactorio 
para labor tordcica seriada. Demuéstrase que mediante la comprobacién cui- 
dadosa, para la cual se ofrecen técnicas, puede obtenerse 90 por ciento de pelf- 
culas que corresponden a 2 Kv.+ perfodos prolongados, lo cual acrecienta la 
facilidad y exactitud de la interpretacién de las peliculas seriadas. Esto redunda 
en un ahorro general de tiempo y de material. En el perfeccionamiento de la 
preparacién radica la clave del mejoramiento de la técnica porque en la mayoria 
de los laboratorios las variaciones en la preparacién constituyen la principal 
causa de la falta de uniformidad. Cabe esperar una mejoria decidida con la 
cuidadosa fiscalizacién de esas variables y en particular atendiendo a que la 
agitacién sea aproximadamente idéntica para todas las peliculas, y a corregir el 
tiempo de revelado tomando en cuenta toda marcada diferencia en el trata- 
miento. Describense los requisitos minimos que debe cumplir una técnica 
satisfactoria de elaboracién. 

Se necesita la fiscalizacién por medio de una tableta ad hoc en cada exposicién 
si se desea una justipreciacién exacta de la técnica. Describese y recomiéndase 
para este fin un dispositivo de cobre. 
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THE SANATORIUM, THE SUPERINTENDENT AND THE WAR! 
HENRY STUART WILLIS? 


Approximately 165 sanatoria serve 26,000 patients in the area which the 
Mississippi Valley Trudeau Society embraces. Without doubt all of these 
institutions have war problems. But discussion of war problems has become 
so commonplace that further comment is likely to be hackneyed, trite. Even 
at risk, however, I venture to raise a few of these questions in the thought that 
at least the sanatorium superintendents present will recognize them and may 
have an answer for some. 

These problems present themselves as difficulties in organizational adjust- 
ments, in obtaining and keeping help, losing old-time stalwarts, holding to 
schedules or remaking them, parrying with union leaders, satisfying patients, 
securing goods, maintaining standards—in short, in keeping the show going. 

On all sides we hear stories of adjustment—of making changes to meet new 
situations, of setting up schedules only to have them altered or redone before 
they can be applied. Adjustment is one thing to one man and another thing 
to another. To some it savors of a sort of high-grade fatalism. To others it 
looks like an opportunity to trim the sails for efficiency. To the one it is a 
chore; to the other a challenge. To all it might mean the exacting job of drop- 
ping the elaborations, the window dressing, the stuffiness, if you please, which 
may have grown up with us, around us or, perish the thought, because of us. 
To all it means endeavoring to preserve as nearly intact as possible sound pro- 
cedures and issues of basic importance. Have you been surprised, as I have, 
to see how many things we may drop and how many changes and retrenchments 
we can make without adversely affecting the treatment of patients? 

What we discard in these times varies naturally with the institution, the type 
of work done and the things considered most important. 

I suspect that most of us will agree on the following enumeration of the 
essential features to which we must hold: We must (7) preserve the principles 
of the rest regimen; (2) hold to a collapse program; (3) maintain adequate 
laboratory service; (4) prevent the deterioration of medical standards; (5) keep 
the dietary services at as high a level as possible in face of rationing and shortages; 
(6) encourage a reasonable program of entertainment for patients; and (7) 
anticipate the deleterious effect of present shortages on employee morale. 

What can we do about many of these issues, especially when we know that 
the situation grows worse each day? What can we do now while the strain 
is on and while there is a potential headache in every interview? ‘Two categories 
of things appeal to me. One is based on the minimal standards for the institu- 
tion and thus concerns management, maintenance and personnel issues; the other 


1 Presented before the meeting of the Mississippi Valley Trudeau Society, Chicago, 


Illinois, September 9, 1943. 
2 Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), North- 


ville, Michigan. 
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turns on our professional work and depends upon our basic medical interest 
and our ability to clear the decks for such work. In respect to the former our 
ingenuity is taxed heavily. Some of us are able to delegate large administrative 
responsibilities to the business manager in order to gain for ourselves more 
hours with patients and staff. Some must try to carry both administrative 
and medical details. Whatever our status in this respect, one direct and practi- 
cal thing we can do. Having determined the minimal standards necessary 
for the operation of our various sanatoria, we can be ready to defend those 
standards and fight for them. Hospitals have been declared essential, yet the 
Selective Service Boards continue to do what they deem their duty when they still 
pull out men from our depleted ranks. The Government has frozen jobs, but 
all too often the freeze did not take. The experience in England in closing 
sanatorium beds was well nigh tragic. Should not concerted effort be put forth 
in this country to prevent further inroads on the personnel situation? Should 
this Society express its opinion? It seems to me that we have now come to a 
point when the home front and battle front should have equal rating in this 
connection. And this is not to discount battle-front needs. 

The superintendent is in a dilemma. He has medical and nonmedical duties. 
His day is hard. He begins at eight inthe morning. He goes first to the Clinic, 
looks over the night report. ‘Like as not” he hears a complaint about the ever 
increasing manpower shortage; talks over problems with the superintendent 
of nurses, discusses case concerned with breach of discipline. Next he takes 
up matters with the steward and dietitian, holds staff conference for review and 
reévaluation of cases, confers with housekeeper on rearrangement of schedule, 
talks to a hospitalization insurance representative, confers with laboratory 
director over a paper for the press, sees the sanatorium farm overseer, keeps 
appointment with relatives of a patient, tries to talk an adamant patient out of 
going home ‘where he can get something to eat,” fills out insurance papers 
on a sick employee, sees an irate employee whom his “supervisor has brow- 
beaten,’”’ discusses changes in operation of the volunteer fire company, talks 
over matters with the president of local Union, contacts the Civil Service Com- 
mission about classification, examines one of those rare objects known as a 
prospective employee, interviews president of patients’ Goodfellows Club, 
gives a salesman the old brush-off, looks over the mail, dictates a few letters, 
get in an hour on the wards to make rounds or to see a special case or two, 
contacts business manager about priorities, has a detailed telephone conversa- 
tion with county authorities about their responsibility for hospitalization of a 
patient. Along about six p.m. he goes home as tired as if he had done a day’s 
work—and goes home with only moderate assurance that he will not be called 
back during the night. 

Of course we’re busy! But it’s good to be busy in these times. He is a rare 
man who does not go home tired these days. Obviously, as superintendents, 
we must partition our time to the best advantage. As to administrative matters, 
we can see to it that the heads of the various divisions learn to assume added 
responsibility whether the institution has a lay manager or not. In regard 
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to the professional part of our work, it may be argued that, even at best just now, 
we are much too busy with daily problems to pay more than cursory attention 
to medical matters. Everything we touch seems to have imminent practical 
meaning. However, we can ill afford to allow too much leeway here. The 
situation brings each superintendent a challenge to see to it that the services 
at war’s end will be medically sound. 

In peace-time Mr. Average Superintendent has led a pretty comfortable life. 
His home—often provided over and above a good salary—is on the grounds. 
His house is heated, lighted, maintained by the sanatorium. His food is fur- 
nished either free or from the commissary at wholesale prices, and sometimes 
is even prepared for him. His set-up is a little dukedom and, too often, life 
has been so easy for him that it has robbed him of incentive. Contented thus, 
he has sometimes failed to do reading and study and to make sound clinical 
observation that is so vital if he is to escape the life and philosophy of the medi- 
cal routinist. Often his health has forced him to stay his energy, but it does 
not cause him to lose interest. 

But one may say, “I know tuberculosis. I do a first-class physical examina- 
tion and interpret films of the chest with the experts.” True. But have we 
kept abreast reasonably well with developments in medicine, even in the tuber- 
culosis field? We may know well all the varieties of riles, but have we bothered 
much about the newer applications of respiratory physiology in tuberculosis, 
especially as it points more and more attention to the functional side of the 
disease? Or have we made an effort to acquire a full knowledge of bronchial 
tuberculosis and its implications in the evaluation of pulmonary tuberculosis? 
Finally, have we refined and modified our ideas of pneumothorax and used 
newer hints regarding more critical indications and contraindications as suggested 
in the recent literature? We may know tuberculosis of the lungs by X-ray, 
but do we have our diagnostic finesse well developed so we ascertain and syn- 
thesize all available facts—from clinic, laboratory, history—to make a creditable 
differential diagnosis between pulmonary tuberculosis, cancer, pneumonia that 
is not quite typical, Hodgkin’s disease, abscess, sarcoid, pneumonoconiosis, 
bronchiectasis, atelectasis? 

What is our true evaluation and use of the laboratory? Are we pedantic 
about some tests and careless about others? Do we and our staff seek diligently 
for autopsy? Do we inspire the staff with the desire to know what the post- 
mortem examination will contribute to the solution of the clinical puzzle? 
Where did our institution stand on necropsy performance in the 1942 American 
Medical Association’s list of 702 approved hospitals? Was it among the 116 
hospitals in which autopsy was done on 50 per cent or more of the bodies that 
died during the year; among the 586 below 50 per cent which included 43 below 
15 per cent? Do we go back to the clinical record in the light of the autopsy 
and think in terms of the pathology of the disease? 

We should not remain content with our situation as long as we must realize 
that it took others than sanatorium folk to arouse us to the fact that there was 
a better way than that then existing. The surgeons taught us the value of 
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thoracoplasty and showed us the significance of tracheobronchial tuberculosis, 
and the physiologists indicated the need and application of functional studies. 
We still have much to do whether in war or peace. 

I have found a good test of how well I am keeping up with the developments 
in medicine. It will not work in war-time but in ordinary times it tells me 
plenty. It consists in selecting young staff members who are well-trained 
graduates with first class hospital experience. How often I get an eyeful when 
these youngsters, merely in the course of their work, begin to prove to me that 
I have been out of medical school for quite a spell! Steady influx of such new 
blood is a good stimulus if we can take it if we are eager to learn more 
and are not embarrassed that we know so little. 

Many physicians will agree that studying and reflecting thoughtfully over 
cases is proper and desirable in peace-time, but many there are who will feel that 
this is out of place in time of war. These latter will ask, ““What is the sense 
of study in busy days when time is at a premium and our problems are almost 
entirely practical?” It seems to me that a good answer is this: study does in 
war-time what it does in peace-time. It routs complacency and indifference 
to new knowledge, it places the staff on its mettle, discredits clinical carelessness, 
and puts one on his toes; it knocks out the deadening effect of mere routine, 
heightens the interest, elevates the imagination and, to a degree at least, satisfies 
a longing curiosity that dwells within each of us. 

These remarks do not represent an impractical screed. They seek merely 
to call attention to the fact that we stand to lose more than employees, more 


than curtailment of services. We are in a way of allowing ourselves and our 
growth in progressive medicine to lose something of great worth unless we are 
alert to preserve values. This is a confession and a hope. 


MARS AND MORTALITY 
The Influence of War on Death Rates from Various Causes in Different Populations 


EMIL BOGEN! 


Deaths caused directly by physical trauma incurred in actual conflict have 
always loomed large in popular impressions of the horrors and costs of war. 
This emphasis may have been justified in the individual and tribal combats of 
primitive man, but even in ancient history we read of destructive plagues and 
diseases that afflicted contending armies (1). Despite the development of ever 
more deadly weapons, the increasing numbers exposed to their violence, and the 
great advances in the control of disease in general, battle casualties represent 
only a minor fraction of the deaths which occur among the involved populations. 

Engagements have occurred, as at Balaklava, in which an entire armed force 
has been killed in, but a few minutes (2), but such events are rare. Battles are 
usually much less deadly, one side or the other retiring when a minority of its 
men have been killed. Many more are wounded than die, and many more are 
taken prisoner, or otherwise lost to their comrades, in the course of acute engage- 
ments lasting hours, days or even weeks. 

Active fighting, moreover, usually occurs only at peaks, separated by long 
periods of preparation and relative inaction. Large armies may be lined up 
with only a small fraction of the forces at the front, and only small portions of 
the front may be in actual contact and conflict at any one time. Engagements 
between naval forces are even more transitory. 

The total casualties for all sides in the first World War exceeded 50 per cent 
of the forces mobilized, but less than one-fourth of these were reported to bave 
died during the four year struggle (3). The mortality rate for all troops mo- 
bilized was, accordingly, only about 3 per cent per annum. The proportion of 
deaths caused by battle, as compared with those dying of disease, is difficult to 
determine, but was probably less than half. Even in the American forces, pro- 
tected as they were by the best that medical science could offer, the deaths from 
disease far outnumbered those from battle. 


World War I 


ALLIES CENTRAL POWERS TOTAL 


Total mobilized 42,188,810 22,850,000 65,038 , 810 


Casualties 22,104,209 15,404,477 
Per cent (in four years) 52 68 


5,152,115 3,386 , 200 
Per cent (in four years)...............- 12.2 14.8 


1 Lieutenant Commander, M.C., U.S.N.R., Naval Advance Base Personnel Depot, Lion 
Four, San Bruno, California. 
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American Forces 


Total mobilized 4,355,000 


Killed in action 
Died of wounds 


Wounded, nonfatal 182,674 


Total casualties 364,800 
Total deaths 


Died (in one and one-half years) 2.9 per cent 
Killed in action or died of wounds 1.2 per cent 


Among the armed forces, then, deaths from action in the first World War oc- 
curred in about 1 per cent of the men involved, per year, while a somewhat greater 
number died of other causes, similar to those encountered in times of peace. 
Accurate data for the present war are unobtainable, but available estimates 
indicate that similar conditions still prevail (4). Armies may be beaten, but 
relatively few of their members are killed (5). 

There are great differences in the mortality rates of the armed forces as com- 
pared with those of the civilian population, even in times of peace. These may 
be partly accounted for by the particular age, sex and physical condition of those 
selected for such service. Thus the diseases of infancy and childhood, and those 
of old age, as well as those of women and of the chronically infirm, are not to be 
expected among those under arms. The wide-spread practice of discharging 
from service those afflicted with chronic diseases which might have existed prior 
to enlistment or which might preclude further active duty tends further to lower 
the mortality rates among those remaining. 

The living conditions of the service men also affect the incidence of diseases 
among them (6). The diseases of sedentary life, of malnutrition and of neglect 
are not usually encountered among them. Deaths from climatic exposure, 
physical strain and various forms of violence, accidental and intentional, may 
be more common. The frequency of dissipation, intoxication and venereal 
disease varies with the location and the conditions to which the men are exposed, 
but these have traditionally been higher in military populations. 

Infectious diseases were formerly common in the armed forces. Congestion 
in barracks, the massing together of men from distant homes for the first time, 
and massive exposure to infecting organisms in food, water and insect carriers 
as a result of defective sanitation explained many of the endemic and epidemic 
plagues of the past. 

Modern medical measures have eliminated many of these menaces of the past. 
The modern soldier or sailor, protected by active immunization against smallpox, 
typhoid and paratyphoid fevers, tetanus, yellow fever, typhus, cholera and other 
infections, is also shielded by an active sanitary corps against food, water and 
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insect-borne infections. Careful induction examinations, regular sick call and 
early diagnosis lessen contacts with tuberculosis and other disease carriers who 
might infect their mates. A few diseases, such as influenza, cerebro-spinal fever 
and measles, have so far escaped such control measures, but it is to be expected 
that they also will be eventually curbed. 

War increases the risks from disease, as well as from traumatic death, among 
the armed personnel. Peace-time precautions against insects and other vectors 
may be impracticable during an active campaign. Accelerated recruiting and 
inadequate accommodations lead to crowding, unsanitary conditions and other 
causes of disease. Although a lower suicide rate indicates high morale, and a 
drop in murder and venereal disease rates shows improvement in behavior, the 
death rates among the armed services in time of war increase over those previ- 
ously reported, even when deaths due to battle are excluded. 

Battle casualties are no longer limited to the armed forces. There are grim 
times when it is safer to be in the trenches than at home. During the battle of 
Britain more civilians were struck than soldiers, and in many continental coun- 
tries numerous noncombatants fell victim, chiefly but not exclusively to aircraft 
attack. Nevertheless, in comparison with the total number of deaths from all 
causes among the entire population, the deaths from direct enemy violence are 
practically insignificant and do not appear among the major causes of mor- 
tality (7). 

A rise in the civilian, as well as in the military death rates in time of war is 
generally expected. Data for the last war are inextricably confused by the 
influenza pandemic of 1918, whose advent, despite popular belief, may have been 
entirely unrelated to the fact that war was then going on. Before the influenza 
the mortality rates in different countries showed much less marked and consistent 
changes (8). In the Baltics, particularly, diametrically opposite trends were 
observed at the same time in different places. The expected rise in civilian death 
rates in war-time, then, is not inevitable, but when it occurs may be traced to 
causes not necessarily due to the war, and even to a certain extent subject to 
conscious social control. 

The civil population in the actual war zone naturally bears the brunt of 
belligerent damage. Deliberate or unintentional destruction of sanitary facili- 
ties, with interruption or contamination of water supplies, breakdown of sewage 
disposal and the disruption of normal provisions for food, shelter, clothing, 
medical attention, light, warmth and even for fresh air are obvious dangers. 
Such overt injuries are aggravated by panic and social disorganization (9). 

Military blockade and terrorization of civilian populations which have been 
such terrible weapons in the past are still highly prized by modern leaders and 
the starvation of innocent civilians and the shooting of blameless hostages are 
still sad consequences of unbridled total war. 

Nevertheless, even populations far removed from the actual field of battles are 
not spared the ills that ensue. Scarcities in all kinds of commodities are in- 
evitable accompaniments of the vast destructive activities, and all sorts of priva- 
tions are necessitated by the demands of the military operations. 
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Nutritional changes resulting from war are particularly menacing. The call 
of workers from the farm to the armed forces, as well as to the more specific 
defense industries of the cities, and the inflationary increase in the costs of 
agriculture lead to an actual diminution in the amount of food produced on the 
farms, while the food demands of the men in service are greater than those of the 
same persons in their former habitat, which all leads to a withdrawal of the food 
supplies from the civilian markets. Consequently prices of food rise and 
scarcities develop (10). 

Unless interrupted, this leads to both qualitative and quantitative malnutri- 
tion, noted mainly in children, in invalids and in the socially neglected groups. 
Vitamin, protein, fat and caloric deficiencies may increase and actual famine may 
arise. Hunger oedema, scurvy, pellagra, rickets and other specific dietary 
deficiency diseases may be less important than the lowered resistance to tubercu- 
losis and other respiratory infections (11). 

The very nutritional restrictions which are imposed by war-time scarcities 
may be of benefit in certain directions. The decline of diabetes in warring 
countries, the lessened incidence of gout, psoriasis and eczema, the disappearance 
of obesity and its numerous complications, were repeatedly noted as concomitants 
of the dietary restrictions. 

Psychic changes in the entire population resulting from war have been de- 
scribed by different workers. The general increase in emotional tone, in social 
interest and in individual importance, as well as in simple physical activity and 
experiences, may account for the widely observed decrease in suicide rates (12). 
A similar psychic and emotional wave may account for a noticeable increase in 
marriages and in births, not only among the newly married but in the entire 
population, multipara, unmarried, and in older nulliparous couples, with its 
consequent repercussions on puerperal mortality and infant mortality rates in 
the community (13). 

Less favorable, perhaps, may be the psychic alterations associated with greater 
recklessness and lower value placed‘on personal safety, resulting in more home 
and industrial accidents, more fires, and perhaps more murders. Lessened social 
control similarly may lead to an increase in the venereal disease rate and in 
intoxication, with all the ills that it entails. 

Direct and indirect effects of war on the social and economic, as well as the 
physical milieu, may variously affect mortality rates among the civilian popula- 
tion (14). The increased production needed by the country for war purposes, 
together with the removal from the working population of so many previously 
active employees, leads to a disappearance of unemployment and an increase in 
the proportion of the whole population gainfully employed. School enrollment 
decreases, the idle rich and the idle poor both diminish, the handicapped and 
marginal workers who are ordinarily unable to find work because of age, sex, 
physical, mental or social incapacity are given jobs and incentives to keep them. 

As a result, diseases of idleness, inactivity and discouragement decrease, while 
those of fatigue and industrial hazards increase. Less able workers endanger the 
lives of their coworkers, novices ignore safety measures which have been de- 
veloped among trained craftsmen, longer hours lead to fatigue and lessened 
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carefulness. An increase in industrial accidents may be expected unless ex- 
ceptional safety campaigns are prosecuted. 

On the other hand, traffic accidents diminish with the decline in speeding and 
pleasure driving resulting from the scarcity of gasoline and rubber. Dim-outs 
and lessened public gatherings may lessen the spread of air-borne infection. 
The resulting increase in home life may have health, as well as moral implications. 

Civilian death rates are not mere statistical curiosities, irrelevant in time of 
war. They are the measures of the national health, the governors of the avail- 
able manpower to be expected. A man stricken with tuberculosis is just as much 
of a loss to the nation for whom he might otherwise be working or fighting as a 
man blasted with shrapnel. A woman dying with diabetes may leave a family 
to be cared for that will consume time and efforts of others, thus keeping them 
from essential war services. A stillbirth may mean one less recruit for the next 
generation. 

The cost of caring for the ill may be even a greater drain upon the country 
than the loss represented by their death. Each patient requires the care of 
others, who might else be engaged in furthering the war effort. Doctors, nurses 
and other attendants are needed for both civilian and military victims. Medi- 
cines and supplies consumed by civilian illness leave so much less for the armed 
personnel. The armed forces are not autonomous and unrelated organizations, 
but an integral part of the life of the nation from which they draw their support. 

The reduction of civilian health activities for the duration is, accordingly, 
untenable. It is precisely now, when the nation’s health is so important for its 
survival, that such activities are especially important. The soldier in the field 
must be protected from diseases which may reach him from his fellow citizens at 
home, as well as from the rigors of battle. The worker in industry must be kept 
at the highest point of productivity to keep the men at the front supplied. More 
health, not less, is required. 

This is no time for the squandering of precious resources in unsound, useless 
or extravagant ventures, unrelated to the war. But public health must be con- 
served by the intelligent rationing of the available food supplies, preventing both 
waste and want, and thus guarding against the diseases that arise from excess or 
from depletion. The sanitary facilities that protect our population from the 
diseases that spread through inadequate water, sewage and food hygiene must 
be maintained and extended. More of the public, young and old, should be 
immunized against the contagious diseases which can be so readily controlled 
in this manner, as has been brilliantly demonstrated in military and school 
populations. The spread of tuberculosis and other infectious diseases should be 
prevented wherever practicable. Research and investigation into the causes 
and cure of disease have already been brilliantly successful in such conditions 
as penumonia, meningitis, wound infections and shock. These are all important 
war measures, that should rank with military preparations in our national policy. 


SUMMARY 


Deaths on the battlefield are not the chief costs of war. Battle deaths com- 
prise only 1 per cent of the armed forces, per annum. Armies include about 10 
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per cent of the population of warring countries. Disease death rates are about 
1 per cent per annum. ‘Thus diseases kill ten times more than battles, even in 
countries at war. 

Deaths among troops may result from various causes. Disease rates in armed 
forces differ from those of civilians. Deaths from disease in troops may be 
greatly reduced. War increases the hazards from disease as well as from battle 
in the services. 

Civilian deaths also increase during war-time. Those in the war zone suffer 
the greatest damage. Nutritional changes are particularly dangerous. Psychic 
changes affect various conditions differently. Increased industrial activity 
during wars also affects some death rates. Some war conditions may lower 
death rates. 

Civilian morbidity and mortality are of military importance. Civilian health 
activities should be maintained and extended. 


SUMARIO 


Las muertes en los campos de batalla no constituyen el tributo mas pesado de 
la guerra, pues sdlo representan 1 por ciento del contingente de las fuerzas ar- 
madas al afio. Los ejércitos comprenden aproximadamente 10 por ciento de 
la poblacién de los paises beligerantes. Como la mortalidad debida a la enfer- 
medad representa aproximadamente 1 por ciento al afio, las enfermedades matan 
diez veces mas personas que las batallas, aun en los paises combatientes. 

Las muertes entre las tropas pueden reconocer varias causas y los coeficientes 


de morbidad en las fuerzas armadas se diferencian de los de los civiles. Pueden 
aminorarse considerablemente las muertes producidas por enfermedad en las 
tropas. La guerra acrecienta el riesgo de enfermedad, asi como el de heridas en 
los soldados. 

Las muertes de la poblacién civil también aumentan en épocas de guerra y los 
individuos que se encuentran en las zonas de hostilidades son los que mas sufren. 
Las alteraciones de la nutricién son en particular peligrosas. Las alteraciones 
psiquicas afectan en forma diferente varios estados. La mayor actividad in- 
dustrial que acompajia a la guerra también afecta algunos coeficientes de mor- 
talidad. Algunos estados relacionados con la guerra pueden rebajar los co- 
eficientes de mortalidad. 

La morbidad y la mortalidad en la poblacién civil revisten importancia militar, 
de manera que deben mantenerse y extenderse las obras pro salud publica. 


The opinions or assertions contained herein are the private ones of the writer and are 
not to be construed as official or as reflecting the views of the Navy Department or of the 
Naval Service at large. 
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INTRABRONCHIAL SPREAD FOLLOWING THORACOPLASTY! 
MANDEL WEINSTEIN anv STEVEN TYAU 


Ever since the advent of surgical collapse for pulmonary tuberculosis, the 
postoperative complications of further involvement of the lungs (tuberculous 
spreads) have always been considered serious problems. All are agreed that the 
reason for the spread is the aspiration during and following the operation of the 
ever abundant infectious secretions throughout the bronchial tree. The pre- 
disposing causes for this complication are well known and have received adequate 
consideration in the literature (1). However, among the most imporant 
aetiological factors must be mentioned the patient’s position on the operating 
table, namely, that he is lying on his sound side with the diseased lung upper- 
most, a position that facilitates drainage of infected material downward into 
the healthy lung. Then for twenty-four to forty-eight hours following opera- 
tion, cough, expectoration, and respiratory, ciliary and peristaltic movements 
of the bronchi are abolished or diminished. This encourages bronchial stasis, 
plugging of bronchopulmonary segments and atelectasis. The virulence of the 
bacilli, the amount of exudate and the duration of the bronchial obstruction 
will determine the extent and severity of the involvement. 

Sauerbruch (4) experienced a 50 per cent mortality in his postthoracoplasty 
cases of “aspiration pneumonia” involving the lower lobe of the thoracoplasty 
side. He concluded that it would be better to resect portions of the lower ribs 
first before removing the upper ones, in order to prevent the aspiration of in- 
fectious secretions by the lower portions of the lung. However, his results 
were not any better and he soon returned to the technique of removing ribs 
from above downward. We will show later on in this study that spreads do 
not always involve the lower portion of the operated lung, as was Sauerbruch’s 
view. In fact they may involve the opposite lung, or both lungs at the same 
time. Therefore, one can readily see the futility of thoracoplasty from below 
upwards. 

McCordock and Ballon (3) pointed out, with the aid of autopsy material, 
that the pneumonias or spreads in the good lung were produced by infected 
material from the diseased lung. They proved that the bronchi contained plugs 
of materia! similar to that found in the tuberculous cavity which had been 
subjected to compression. Previous to operation, these lung areas showed not 
the slightest trace of disease. Thus they demonstrated that tuberculous spreads 
were not reactivated old lesions, but freshly involved lung portions. 

A study of the course and fate of these tuberculous spreads indicates that 
they must be considered more than simple areas of atelectasis caused by bron- 
chial obstruction. In nontuberculous postoperative pulmonary complications, 
efforts at relief of the obstruction, such as bronchoscopy and posturing, result 


1 From the Surgical Service of Sea View Hospital, Dr. R .iuson, Director, 
Staten Island, New York. 
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in early and effective reéxpansion of the lung involved. On the other hand, in 
treating tuberculous postoperative pulmonary complications, such as spreads, 
such methods alone are ineffective, since the tuberculous exudate implants itself 
and grows upon tissue sensitive to the tuberculo-protein. If bronchial drainage 
is competent and if the dosage of the infectious material is not great, complete 
resolution with lung reéxpansion ensues within several days or weeks. If not, 
caseation necrosis with cavity formation results. 

At the outset it must be stated that this study does not concern the reactiva- 
tion of a diseased area present in the opposite lung before operation. At Sea 
View Hospital, the surgical conference never refers a patient for thoracoplasty 
unless the opposite lung is well controlled. Tomographic studies, diagnostic 
pneumothorax and Bucky roentgenograms are utilized to rule out contralateral 
active lesions. If pleural fluid is evident, one must be certain that a broncho- 
pleural fistula is not present since aspiration from this would likely occur during 
or after operation (5). 

The diagnosis of spread was made in these patients not only upon the clinical 
findings, but also upon positive roentgenographic studies. It the picture did 
not completely conform to these standards, the case was eliminated from this 
present study. The typical onset of a tuberculous spread in a postthoraco- 
plasty patient occurs one, two or three days following operation. If the spread 
is severe, the temperature may be 102° to 104° F., the pulse is proportionately 
rapid and respirations are deep and frequent. Churchill (2) has pointed out 
that the increased depth and rate of respiration are not due to a greater func- 
tional demand upon the uncollapsed lung, but to stimulation of the respiratory 
centre by an increased concentration of carbon dioxide. At the same time there 
is a decreased concentration of oxygen in that part of the blood which has passed 
through unventilated portions of the diseased lung. If the mediastinum is 
very mobile, then marked paradoxical breathing adds to the anoxia and respira- 
tory discomfort of the patient. However, simple bronchial block does not 
explain the whole clinical picture. The patient’s condition is made more serious 
by the increased production of tuberculoprotein, the result of freshly spread 
tuberculous infection. 


STATISTICAL SURVEY 


For the purpose of studying the problem of postthoracoplasty spreads of 
tuberculosis at Sea View Hospital, all such complications for the year 1942 have 
been collected and evaluated. During that year, a total of 198 thoracoplasty 
operations were performed; 85 first-stage procedures, 66 second stages and 47 
third stages. In the case histories of that year a total of 19 spreads occurring 
in 14 patients were found. In other words, out of 198 thoracoplasty operations, 
19 spreads occurred, giving an operative incidence of approximately 10 per 
cent. Four deaths were directly caused by the tuberculous spreads, thus giving 
a mortality of 2 per cent from spreads. Revision, Schede and:anterior thora- 
coplasty operations are not included. Even though the number of cases here- 
with presented is relatively small, it compares favorably with the amount of 
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material found in the literature. Since in round figures the total number of 
cases is only 19, arbitrary conclusions obviously cannot be made in terms of 
fixed percentages. 

Most spreads occurred after the first stage of thoracoplasty, namely, 12, 
The second stage claimed 6, while following the third only one spread was re- 
corded. There were 4 deaths directly attributable to the tuberculous spread, 
and these occurred fourteen, nineteen, forty-eight and ninety days postopera- 
tively from progression of the disease. Another patient had a spread after 
the first stage but died within nine hours after the second stage from shock and 
anoxia. The death of a sixth patient also may not be due to the spread—her 
case history is as follows: 


Patient H. B. was a white girl, nineteen years of age. The first-stage thoracoplasty 
was performed September 11, 1942. Following this she developed a moderate spread 
to the middle third of the contralateral lung. This resulted in caseation necrosis with 
distinct cavities for which pneumothorax was instituted. However, the cavity on the 
operated side remained of fairly large size and her sputum continued positive. She died 
suddenly from a severe pulmonary haemorrhage on March 1, 1943, about five months 
after her first-stage thoracoplasty. We have not attributed her death to the post- 
operative spread, since there was a large cavity and extensive disease still present on the 
operated side, the more likely cause for her haemorrhage. 


Age and sex: These two factors obviously have no bearing on the incidence 
or severity of spreads. Patients in all the age brackets were subjects of this 
complication, the youngest being nineteen and the oldest forty-five. The 
average age was thirty-four years. Males and females were equally affected. 

Race: Ten of our 14 patients belonged to the Negro race. This proportion 
of Negro patients (77 per cent) is more than twice the usual ratio for the 2,000 
patient population of Sea View Hospital, namely, one Negro patient to two white 
patients (33 per cent). In addition, a greater number of multiple spreads 
occurred in Negro patients. Bilateral spreads occurred three times as frequently 
in colored patients as in whites. 

All 4 patients whose death was directly attributed to the spread were Negroes. 
Knowing full well the equal response of both races to surgical collapse therapy, 
we can offer no explanation for the large number of colored patients gravely 
affected. 

Lung involved by spread: Of the 19 spreads, the following was the disposition 
as to the affected lung: homolateral spreads, 5; spreads to the contralateral 
lung, 10; bilateral spreads, 4. As was previously stated, none of these spreads 
occurred in any lung areas which one can accuse of having harbored active 
disease before surgery was instituted. This observation was further substan- . 
tiated by the fact that in several patients who had multiple spreads, or a spread 
after more than one thoracoplasty operation, the lung areas involved were not 
the same following each operation. The area of spread would clear or nearly 
clear after one stage of thoracoplasty and a totally different area, or the other 
side of the lung, would be involved after another operative procedure. The 


of 
of 
2. 
d, 
a- 
er 
d 
er 
ty 
th 
he 
ed 
hs 
st- 
he ‘ 
ce 
Lis 
d. 
n 
te 
1s 
y 
s. 
ly 
n 
al 
1s 
d 
rt 
ly 
er 
e 


INTRABRONCHIAL SPREAD FOLLOWING THORACOPLASTY 241 


following case illustrates the development of a postoperative spread on the 
homolateral side of the chest after the first stage of thoracoplasty. After the 
second stage a massive spread to the contralateral side occurred with death. 


Patient A. P., female, age twenty-nine years, colored. Preoperatively she had on 
the right side a giant cavity with pericavitary infiltration (figure 1). Pneumothorax was 
abandoned as ineffectual. The contralateral lung showed a minimal exudative productive 
lesion. A first-stage thoracoplasty was performed April 29, 1942. Following this a 
bronchogenic tuberculous spread was observed in the homolateral lung involving the 


Fic. 1. Patient A. P. Illustrating a homolateral spread after first stage thoracoplasty 
and a contralateral spread after second stage. Preoperative lesion was a giant cavity 
with pericavitary infiltration. Pneumothorax was abandoned as ineffectual. The contra- 
lateral lung showed a minimal exudative lesion. 


lower portion (figure 2). The second stage was done May 26, 1942 and this was followed 
by a massive spread to the middle and lower thirds of the contralateral lung (figure 3). 
The patient was too anoxic and toxaemic to overcome this complication and died on the 
nineteenth postoperative day. 


Another observation has been the uncertainty of predicting a spread in a 
patient before operation. Some patients will suffer from a spread at one 
operative stage and not after any other. 

The following is an example of a bilateral spread. This occurred only after 
the second-stage thoracoplasty and not after the first operation: 


Patient G. F., age thirty-seven years, colored. Preoperative pathology: an excavation 
4 by 2 em. in left upper lobe; productive, calcific changes in the upper half both lung 
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fields (figure 4a). A first-stage thoracoplasty was done July 14, 1942 and patient made 
an uneventful recovery (figure 4b). However, after the second stage on August 6, 1942, 


AP SS 42 


Fic. 2. Patient A. P. After first stage thoracoplasty a bronchogenic tuberculous spread 
developed in the homolateral lung involving the lower portion. 


AP 61142 


Fig. 3. Patient A. P. After second-stage thoracoplasty a massive spread in the middle 
and lower thirds of the contralateral lung occurred. Patient died on the ninteenth post- 


operative day. 


patient developed an extensive spread on the homolateral side together with involvement 
of the contralateral lung (figure 5a). A third stage followed on October 27, 1942, with 


=. 
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no resulting spread. Later there was marked clearing on both sides, especially on the 
operated side. Patient’s sputum remains positive (figure 5b). 


Spreads under selective pneumothoraces: At this time it must be mentioned 
that in 2 patients spreads occurred in contralateral lungs in spite of the presence 
of therapeutic pneumothoraces on that side. Their case histories follow: 


Patient A. M., age thirty-four years. Bilateral upper lobe disease. Two stages of 
Jacobaeus were performed on the contralateral side to effect a selective collapse. The 
disease on that side was represented by honeycombing and a selective pneumothorax 
collapse (20 per cent) was present with effective control of the underlying disease. After 
the first stage of thoracoplasty, June 30, 1942, a bilateral spread occurred in the lower 
thirds of both lungs, at a distance from the original disease. However, resolution took 
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Fia. 4a Fic. 4b 


Fig. 4a. Patient G. fF. An example of a bilateral spread. Preoperative diasease: 
an excavation 4 x 2 cm. in the left upper lobe; productive calcific changes in the upper half 
of right lung field. Phrenic crush had been ineffective. 

Fic. 4b. Patient G. F. After first-stage thoracoplasty. No spread. 


place and the patient has since undergone a second- and third-stage thoracoplasty with- 
out additional spreads. 


Patient 7’. O., age forty-five years. He had multiple small cavities in the upper lobe. 
The contralateral lung contained an apparently controlled inspissated cavity behind the 
first rib anteriorly ; there was a basal pleural effusion. On October 30, 1942, a first-stage 
thoracoplasty was done, followed by a spread to the middle and lower third of the lung 
field of the contralateral lung in areas remote from the original disease. This spread was 
mild and cleared within a short time. However, two months later a second stage was 
performed and he expired within eight hours from postoperative shock and anoxia. 


It will be noted that in both of these cases the presence of a selective pneumo- 
thorax not only did not prevent a spread, but that when the spread occurred 
it involved lung areas far away from active tuberculous disease. 


>, 


244 MANDEL WEINSTEIN AND STEVEN TYAU 


Individual areas of spread: For convenience of tabulation, each lung was divided 
into upper, middle and lower thirds to identify the location of the spread. In 
several instances the figures include more than one third of each lung in the 
same patient, since a single spread may occupy more than one third of a lung. 
The upper third was involved twice, the middle third 11 times and the lower 
third 19 times. 

The above figures emphasize the middle and lower lung regions as the most 
frequent sites for spreads. However, the preoperative lesions usually involved 
the apices and upper portions of the upper lobes. These findings add proof to 
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Fig. 5a. Patient G. F. After second stage. Bucky film shows extensive involvement 
of the homolateral side and lesser involvement of the contralateral lung. Patient still has 
positive sputum. 

Fic. 5b. Patient G.F. After third stage. No spread and marked clearing in both sides 
especially homolateral. Sputum still positive. 


the fact that spreads usually affect fresh segments of the lung and do not repre- 
sent reactivation of already diseased areas. 

Severity of spreads: An attempt was made to evaluate the intensity of the 
spreads from the roentgenographic and clinical pictures. They were classified 
as follows: 


Severe tuberculous spreads (including bilateral spreads). . 


End-results of spreads: On the basis of the above classification of the severity 
of the spreads, an effort was made to ascertain the fate of the spreads in all 14 
patients. Spreads either resolve or break down to form cavities (table 1). 

One can readily see from table 1 that the mild spreads usually resolve with 
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no serious residual lesion. On the other hand, even though half of the severe 
spreads cleared, this was the group that accounted for all 4 deaths. Both pa- 
tients who developed cavities in the spread area received pneumothorax. The 
lung involved in both patients was contralateral. 


TABLE 1 
End-results of 19 tuberculous spreads in 14 patients 


RESOLU- j | DEATHS DUE ONLY TO 
TION | SPREADS 
5 | 2 (pneumothorax 
| instituted) 
Severe (including bila- 
teral spreads)........ 8 e: 1 — 4 (14, 19, 48, 90 days 
postoperative) 
19 13 2 4 


All of the mild spreads were absorbed. Of the severe spreads, half resolved and the 
other half went on to progression of the disease, resulting in death. 


JF6 25 42 
Fic. 6a Fia. 6b 
Fic. 6a. Patient J. F. Formation of a cavity in a spread. Preoperative film showing 
caseous pneumonic tuberculosis of right lung; left lung clear. 
Fig. 6b. Patient J. F. Twelve days after first stage; contralateral lung slight spread 
in the periphery of the mid-lung field. 


The value of tomograms in visualizing cavities is well illustrated in patient 
J. F. (figures 6, 7, 8, 9). This patient developed a contralateral spread after 
thoracoplasty, resulting in cavity formation. The conventional films did not 
show the cavity as well as a layer film. 

Anaesthesia: The type of anaesthesia in the surgical collapse therapy for pul- 
monary tuberculosis has been the subject of much discussion in the literature. 
Both general and local anaesthesia have enthusiastic supporters. Local anaes- 
thesia has the advantage that an intratracheal tube is unnecessary, thereby 
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eliminating this source of trauma to the bronchial tree (6). In addition, local 
anaesthesia preserves the cough reflex, thus permitting the tuberculous patient 


Fic. 7a Fic. 7b 


Fic. 7a. Patient J. Ten days after second stage. Increased spread in the same area. 
Fic. 7b. Patient J. F. One month after third stage. No increase of spread. 


Fic. 8. Patient J. F. Cavitation seen best in tomogram. Sputum still positive. 


to empty his bronchial tree of secretion throughout the operation. Inhalation 
anaesthesia on the other hand may be more suitable for the nervous, frightened 
patient who insists upon being asleep throughout the operation. 
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Of the 14 patients with 19 spreads comprising the present study, only one 
spread occurred after local anaesthesia. All the others occurred after cyclo- 
propane inhalation anaesthesia. In the above mentioned local anaesthesia 
ease, general anaesthesia with intratracheal intubation was first attempted, 
because of the large amount of expectoration present. However, on account 
of laryngeal spasm, the attempt to pass the tube was discontinued after forty- 
five minutes of cyclopropane anaesthesia. Then local novocaine anaesthesia 
vas instituted to procede with the operation. The resulting postoperative 
spread was bilateral and the patient died on the fourteenth postoperative day. 

Throughout the year 1942, during which time the 198 thoracoplasty opera- 
tions were performed, only 12 operations were done under local’ anaesthesia 


Fic. 9. Patient J. F. Pneumothorax on account of cavity, but cavity is still open. 
Sputum still positive. 


and most of these in poor risk patients. Even though no spreads occurred in 
these 12 cases, no hard and fast conclusions can be drawn because of the rela- 
tively small number of patients. 

Forecasting spreads from preoperative disease: Surgical collapse for pulmonary 
tuberculosis at Sea View Hospital is done only for cavitary disease. In these 
14 patients an attempt was made to ascertain the extent of cavitation that 
‘aused spreads. 
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Note the lack of spreads in patients with honeycombing. Also observe the 
large number of spreads. in patients with multiple and large cavities. Most 
of these cavities had fluid levels in spite of vigorous efforts at preoperative 
drainage. Therefore, it is reasonable to assume that patients with more ex- 
tensive disease and more cavitary exudate are more prone to postoperative 
spread. It must be mentioned here that some observers believe that a more 
fluid bronchial secretion spreads throughout the bronchial tree faster and further 
than a more viscid one. 

Prevention of spreads: No single precaution or procedure known at the present _ 
time can eliminate this complication after thoracoplasty. In spite of the most 
careful selection of patients for surgery, tuberculous spreads will occur. How- 
ever, much can be done to lessen the number of spreads and their severity. In 
the first place, before any surgery is instituted, one must by careful X-ray and 
bacteriological studies rule out cavity in the opposite lung and the presence of 
bronchopleural fistula. 

Immediately preceding the operation, the patient should empty his bronchial 
tree well of all secretion by cough and postural drainage. The anaesthetist 
assumes an important réle, since a dry bronchial tree throughout the operation 
permits better lung aeration later with less chance of bronchial block. Patients 
should be so anaesthetized that they react immediately following the procedure. 
In this manner, they recover their cough reflex rapidly and help clear the air- 
ways. Narcotics and sedatives should be used sparingly and infrequently. 
Patients are encouraged to turn from side to side and to move their extremities. 

If the picture of bronchial block, tuberculous spread and anoxia develops, 
then oxygen and chemotherapy are given. In extreme cases bronchoscopy is 
performed. For uncontrollable paradoxical breathing, a patient’s life may 
often be saved by the use of the Drinker respirator. 


CONCLUSIONS 


1. One hundred ninety-eight thoracoplasties were performed at Sea View 
Hospital during 1942. Nineteen postoperative spreads occurred in 14 patients, 
or an operative incidence of approximately 10 per cent. Four deaths occurred 
from spreads, giving a mortality of 2 per cent for this complication. 

2. Negroes developed spreads more than twice as frequently as white patients. 
Their spreads were more seVere with the 4 fatalities confined exclusively to 
colored patients. 

3. Tuberculous spreads involved twice as many contralateral lungs (52 per 
cent) as homolateral lungs (26 per cent). Bilateral spreads occurred only in 
4 cases (21 per cent). 

4. Selective pneumothorax in the controlled contralateral lung for bilateral 
disease did not prevent the formation of a spread in that lung after thoracoplasty. 

5. The greatest number of spreads occurred: first, in the lower third of the 
lung; second, in the middle third; and third, in the upper third where the pre- 
operative disease was most predominant. 
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6. All patients with mild spreads recovered while those with severe and bi- 
lateral spreads accounted for the 4 postoperative fatalities. 

7. In forecasting spreads before operation, those patients with extensive 
disease and much cavitary exudate are more prone to spread after thoracoplasty. 
However, many patients with the same extensive disease go through thoraco- 
plasty procedures without any postoperative tuberculous spreads whatsoever. 

8. No single or multiple procedures can always prevent spreads. But main- 
taining the tracheobronchial tree free from much secretion will considerably 
help. In this way the airways are kept open and the movement of infected 
tuberculous exudate throughout the respiratory system is lessened. 


CONCLUSIONES 


1. En el Hospital Sea View se ejecutaron ciento noventa y ocho toracoplastias 
durante el afio 1942. Hubo diecinueve propagaciones postoperatorias en 14 
enfermos, 0 sea un coeficiente operatorio aproximadamente de 10 por ciento. 
También hubo cuatro muertes debidas a dicha complicacién, lo cual representa 
una mortalidad de 2 por ciento. 

2. En los negros las diseminaciones fueron mas de dos veces mas frecuentes 
que en los blancos y también mas graves, pues las 4 muertes recayeron exclusiva- 
mente en dicha raza. 

3. La diseminacién tuberculosa afecté los pulmones contralaterales el doble 
(52 por ciento) que los homolaterales (26 por ciento). Sdélo hubo diseminacién 
bilateral en 4 casos (21 por ciento). 

4. El neumotérax selectivo en el pulmén contralateral controlado en cuanto 
a afeccién bilateral no impidié la formacién de diseminacién en el pulmén después 
de la toracoplastia. 

5. El mayor ntimero de propagaciones tuvo lugar: primero, en el tercio in- 
ferior del pulmén; segundo, en el tercio medio; y, tercero, en el tercio superior, 
en el cual predominé mas la afeccién preoperatoria. 

6. Todos los enfermos con diseminaciones leves se repusieron, mientras que 
las 4 muertes postoperatorias correspondieron a diseminaciones graves y bilate- 
rales. 

7. En el prondéstico preoperatorio de la diseminacién debe considerarse como 
mas susceptibles a los enfermos con afeccién muy difundida y mucho exudado 
de las cavernas; pero muchos enfermos con afeccién igualmente extensa sobre- 
llevan la toracoplastia sin la menor diseminacién tuberculosa postoperatoria. 

8. No hay procedimientos aislados o multiples que puedan impedir siempre 
la diseminacién, pero resulta de mucha ayuda el mantener el Arbol tréqueo- 
bronquial libre de mucha secrecién, pues se mantienen asi las vias aéreas despe- 
jadas y se aminora el paso de exudado tuberculoso infectado a través del aparato 
respiratorio. 
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ETHER ANAESTHESIA IN PULMONARY TUBERCULOSIS! 
J. D. MURPHY? 


In the April 4, 1942 issue of The Journal of the American Medical Association, 
Drs. Henry K. Beecher and Ralph Adams (1) destroyed an ancient medical 
tradition. The authors reviewed the literature dealing with the use of ether 
in pulmonary tuberculosis. An analysis of many of the reports in the earlier 
literature revealed that the taboo against the use of ether was based in a large 
measure on personal opinion, unsupported by accurate statistical evidence. 

To refute the misconceptions against the use of ether in pulmonary tuber- 
culosis, Drs. Beecher and Adams published the results in a series of 260 con- 
secutive thoracoplasty stages done on 147 patients over a five-year period. These 
operations were performed by the members of the house staff and the chief 
of service of the Massachusetts General Hospital. In every case, ether, given 
by the closed, carbon dioxide absorption technique, was the anaesthetic used. 
An early mortality rate (within two months) of 6.3 per cent and a total death 
rate of 12.7 per cent were encountered. This compared favorably with six 
other published series using other types of anaesthesia. Postoperative com- 
plications such as anoxaemia, shock, atelectasis and spread were met in 1 to 2 
per cent of operations. 

Shortly before the paper by Beecher and Adams appeared, we had begun to 
use a somewhat similar type of anaesthesia for thoracoplasty at the Veterans 
Administration, San Fernando, California. From September 8, 1941 to May 10, 
1943 we have completed 150 consecutive thoracoplasty stages on 63 patients 
without a fatality and with few complications. 

Our technique varies slightly from that used at the Massachusetts General 
Hospital. Preoperative sedation with sodium pentobarbital gr. 1} at bedtime 
the evening before and on the morning of the operation is used. Morphine 
sulphate } grain and atropine sulphate y+, grain are given forty-five minutes 
before going to surgery. The patient is placed in position on the table and 
anaesthesia is induced with intravenous sodium pentothal. A dilution of 25 
mg. per cc. of distilled water is used. The average induction dose has been 
218 mg. When the patient is asleep the face mask is applied and anaesthesia 
is continued with ether and oxygen, occasionally using a small amount of nitrous 
oxide. The closed system with carbon dioxide absorption, and with as high a 
percentage of oxygen as possible, is used uniformly. Contrary to prevailing 
opinion, Beecher (2) has shown that it is possible to use 20 per cent more oxygen 
with ether than with cyclopropane. At the conclusion of the operation the 
patient is ventilated with carbon dioxide and oxygen. Bronchoscopic suction 
to remove any secretions remaining in the bronchial tree is done in any case 


1 Published with permission of the Medical Director, Veterans Administration, Wash- 
ington, D. C., who assumes no responsibility for the opinions expressed or conclusions 
drawn by the author. 

? Veterans Administration, Oteen, North Carolina. 
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that shows evidence of retention of such material. The patient is returned to 
his bed and placed on the operated side. Every three hours, for the first forty- 
eight hours, he is turned to the opposite side and given six inhalations of 100 
per cent carbon dioxide gas, using the oronasal mask. He is encouraged to 
cough and expel secretions as soon as he reacts from the anaesthesia. Morphine 
sulphate } grain is given every six hours the first postoperative day and codeine 
sulphate 3 grain every six hours the second day. Pain is controlled by aspirin 
and luminal subsequently. It is our opinion that many of the complications 
thought to have resulted from the use of ether were actually the result of post- 
operative oversedation and failure to keep the bronchial tree free of secretions. 

Our series consisted of 63 patients upon whom 150 thoracoplasty stages were 
done. These were divided into 52 first stages, 54 second stages, 18 third stages, 
19 anterolateral stages, 4 revisions and 3 revisions with an extrapleural gauze 
pack. Two patients had an apicolysis with the first stage, 2 had bilateral 
thoracoplasty and 2 had an empyema. 

The average age at the time of the first operation was 41.4 years. The young- 
est was twenty-two years, and the oldest sixty-three years. There were 8 
patients in the decade from twenty to thirty, 10 patients from thirty to forty, 
36 patients from forty to fifty, and one patient from sixty to seventy. 

The duration of their disease, based on the clinical history, averaged seven 
years before surgery was begun. The minimum was six months, and the maxi- 
mum twenty-five years. 

The average preoperative vital capacity was 69 per cent of the calculated 
normal for height and weight. We have paid little attention to spirometric 
determinations of vital capacity in evaluating operative risks. The clinical 
reaction of the patient to exercise on the ward is felt to give a more accurate 
estimate of his ability towithstand the reduction in pulmonary function that 
follows thoracoplasty. 

A complete cardiac examination, including electrocardiographic tracings, 
was made preoperatively. Fifty-two patients had no cardiac disease. Eleven 
patients had myocardial insufficiency, class I, II or III, with some degree of 
coronary sclerosis, or pulmonary hypertension. 

A classification of the pulmonary disease, based on National Tuberculosis 
Association standards, was made. Five patients were- moderately advanced 
and 58 were far advanced. In the X-ray study 18 were found to have unilateral 
disease, 16 of these had cavitation and 2 infiltration and fibrosis. Forty-five 
patients had bilateral disease. Thirty-seven of these had contralateral fibrosis 
and 8 had bilateral cavitation. 

All anaesthesia was administered by either Dr. Morris E. Stern or Dr. Jesse 
L. Bailey, of our hospital staff. The anaesthesia time is calculated from the 
beginning of the sodium pentothal induction until the mask is removed at the 
conclusion of the operation. 

At the first stage the first three ribs are removed completely unless excessive 
paradoxical motion makes shorter sections of the second and third rib necessary. 
At the succeeding stages, long sections of two and occasionally three ribs are 
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removed. At the anterior stages the cartilages of the first three ribs are re- 
moved to the sternum. The average interval between stages is four weeks. 
There have been no deaths. Other complications are shown in table 2. 
Shock was present after the first two stages in a patient with bilateral disease 
and mixed empyema. Recovery was protracted and further surgery deferred. 
One case of ipsilateral pneumonitis cleared in three days on sulfadiazine therapy. 
The 4 cases of contralateral spread were transitory infiltrations and did not 
delay subsequent stages. Ipsilateral spontaneous pneumothorax on the second 
postoperative day occurred in one patient. The lung reéxpanded, but dyspnoea 
precluded further surgery. Both patients with severe anoxaemia and dyspnoea 


TABLE 1 
Duration of anaesthesia 


OPERATIONS NUMBER AVERAGE DURATION 


1 hour and 52 minutes 
Second stage 1 hour and 14 minutes 
Third stage 54 minutes 
Anterolateral 1 hour and 11 minutes 
Revisions 1 hour and 52 minutes 


TABLE 2 
Postoperative complications 


PER CENT BASED ON NUMBER 
COMPLICATIONS NUMBER OF CPERATIONS 


& oo 


Contralateral spread 

Ipsilateral spread 

Anoxaemia and dyspnoea 

Spontaneous pneumothorax 

Deep wound infection 

Superficial wound infection. ................ 


a w w 


recovered and cavity closure followed. All of the patients with torn pleura 
recovered without delaying subsequent stages. 

Preoperative bronchoscopy was done on 45 patients. Nineteen had no 
tracheobronchial disease. Four patients had acute or subacute unilateral 
tuberculous tracheobronchitis. Twenty-two patients had chronic tuberculous 
tracheobronchitis with varying degrees of stenosis. Thus 57.7 per cent of 
patients examined revealed evidence of tuberculous tracheobronchitis. In no 
case, where surgery was otherwise indicated, was tuberculous tracheobronchitis, 
or stenosis, considered of sufficient degree to prevent the operation. 

Sufficient time has not elapsed to make a study of sputum conversion pertinent 
to this discussion. Definite trends, however, are apparent. All sputum studies 
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are made on twenty-four or forty-eight hour concentrations. Forty-eight of 
the 63 patients have completed their surgery. In 70 per cent of these the sputum 
has been converted from positive to negative. Fifteen patients have further 
surgery in prospect. Several of these will undoubtedly remain positive, so that 
our final percentage will approximate 65 per cent of conversions. Our patients 
are an older group, most of them being veterans of World War I, who have had 
tuberculosis for many years. Sputum conversion rate is, therefore, somewhat 
lower than is found in younger groups of patients. 


CONCLUSIONS 


1. Sixty-three patients with pulmonary tuberculosis underwent 150 thora- 
coplasty stages under closed ether-oxygen anaesthesia. 

2. No deaths or serious complications have been encountered. 

3. Ether is a safe anaesthetic in the presence of pulmonary tuberculosis if 
properly administered and if secretions are not permitted to accumulate in the 
tracheobronchial tree. 


CONCLUSIONES 


1. En 63 enfermos de tuberculosis pulmonar se ejecutaron 150 tiempos de 
toracoplastia con anestesia con éter-oxigeno cerrada. 

2. No se observaron muertes ni complicaciones graves. 

3. El éter representa un anestético inocuo cuando existe tuberculosis pul- 
monar si se administra debidamente y no se permite que se acumulen las secre- 


ciones en el arbol traqueobronquial. 
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THE EFFECT OF PULMONARY TUBERCULOSIS UPON THE WEIGHT 
OF THE HEART? ? 


GEORGE K. HIGGINS 


This investigation is based upon the study of 600 postmortem examinations 
of subjects dead of uncomplicated pulmonary tuberculosis. The total weight 
of the heart is compared with normal weights reported in the literature, and in 
209 eases the weights of the right and left ventricles were determined separately. 
The ratio of the weight of the right ventricle to that of the left is more significant 
than the total cardiac weight, especially in emaciated bodies. 


HISTORY 


Credit for first weighing a series of hearts is given to Kerkring (1) who published his 
results in 1670; fifty years later Tabor (2) published another series. Robinson (3) in 
1748 showed that a definite relationship existed between body size and heart weight, 
and between activity and heart weight. Numerous publications followed, nearly all of 
which are reviewed by Miiller (4), Wideroe (5), Smith (6) and Poppi (7). 

Body size was not considered by many of the older investigators, so it is natural that 
they noted the smallness of the hearts in persons dying from pulmonary tuberculosis. 
Morgagni (8) is given credit for first describing this atrophy as well as for noting the 
relatively large right ventricle, but it appears that he associated the latter with pleural 
adhesions rather than with pulmonary tuberculosis. Blandiness (9) reported a case of 
pulmonary tuberculosis with the heart “twice again as large” as normal. DeSenac (10) 
in 1783 and Portal (11) in 1792 noted the smallness of the heart in many cases and be- 
lieved that in some patients the heart had difficulty in forcing the blood through the 
diseased lungs and enlarged as a result. Bizot (12) in 1837 found tuberculous patients 
to have a marked atrophy of the heart—even more than was evident in those dying of 
other chronic diseases. He based this conclusion upon an actual measurement of 57 
hearts. About this same time others, including Laennec (13) in 1830 and Bouillaud (14) 
in 1835, also noted the smallness of the heart in tuberculous patients. 

Clendinning (15), on the other hand, found that the hearts from phthisical patients 
often weighed more than those from normal individuals. Of 27 males under sixty years 
of age dying from pulmonary tuberculosis the average heart weight was 9} ounces 
(259.8 g.), while the normal males of the same age period averaged 975 ounces (258 g.), 
even though the body weight of the former was 48 pounds below the latter. Of 16 tuber- 
culous females under sixty years of age, the average was 8 ounces (226.8 g.) while that of 
44 normal females, in the same age group, averaged only 83 ounces (248 g.). 

Of the 112 tuberculous patients examined by Louis (16) in 1843, only 3 were found with 
cardiac hypertrophy, and all of these involved the left ventricle. Hearts with a cardiac 
mass of only half or even one-third normal were found more commonly. He believed 
the atrophy to be no greater than in other wasting diseases and to result from cachexia 


1From the Glen Lake Sanatorium, Oak Terrace, Minnesota, and the Department of 
Pathology, University of Minnesota, Minneapolis. 

2 A thesis submitted to the Faculty of the Graduate School of the University of Minne- 
sota in partial fulfilment of the requirements for the Degree of Doctor of Philosophy. 
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rather than from specific tuberculous toxins. In many cases Louis also noted an enlarged 
right ventricle. 

In 1844 the first technique for the separation of the right from the left cardiac ventricle 
was published by Valentin (17). His work was done upon the hearts of 6 humans and 
9 animals. One of the former was a young woman dying of pulmonary tuberculosis 
whose right ventricle showed a definite increase in mass. 

Peacock (18) in 1854 gives the results of his postmortem examinations as follows: 
“The weight of the heart of persons who have died of phthisis is less than those who have 
sunk from other diseases; but the decrease in weight, after death from that disease, is 
usually not so marked as in persons who have died from other chronic affections uncon- 
nected with disease of the lungs.’”’ Engel (19) in 1869 came to similar conclusions, but 
carried his investigations further, in that he separated the two cardiac ventricles by 
removing the free portion of the right from the septum—this latter he considered to be a 
part of the left ventricle. From the results of his study he concluded that the right 
ventricles were unusually large in those with phthisis. 

Marcheau (20) in 1871 and Buhl (21) in 1878 as well as Bard (22) in 1879 and Decroix 
(23) in 1880 noted the smaliness of the heart and the enlarged right ventricle in tuber- 
culous patients, but did not differentiate clearly between hypertrophy and dilation. 

Beneke (24) in 1878 and 1881 studied the total heart weights and the ventricular 
masses of 108 persons dying from various diseases. In the tuberculous series, consisting 
of 20 cases, he noted the small size of the heart. However, in contrast to the previous 
investigators, he concluded that the heart was small originally, and was a predisposing 
factor in the production of pulmonary tuberculosis, in that the small heart was not capable 
of maintaining an adequate circulation to the lung. This idea of a congenital consti- 
tutional anomaly found approval by many, including Leyden (25) and Brehmer (26), 
whose treatment for tuberculosis consisted in strengthening this inadequately developed 
heart. Beneke’s ideas were opposed vigorously by Miiller (4), Hirsch (27) and Fraentzel 
(28). A similar theory had been advocated by Clark (29) in 1830 but gained few sup- 
porters at that time. Survival of Beneke’s theory is still to be seen occasionally in modern 
literature, for example, Hawes (30) in 1932 and Sweeney (31) in 1940. 

DuCastel (32) in 1880 separated the ventricles of 62 individuals, 15 of whom were 
tuberculous, by methods similar to those used by Engel. He did not find an increase 
in the size of the right ventricle unless pleural adhesions, emphysema or pulmonary 
sclerosis were present. Wideroe considered DuCastel’s methods to be inaccurate and 
unscientific. 

Thoma (33) in 1882 was the only investigator preceding Miiller who removed both the 
great vessels and the epicardial fat before weighing the heart. Miller in 1883 published 
the results of his dissections on the hearts of 714 males and 637 females, a total of 1,351 
cases. Of these, 112 had pulmonary tuberculosis. The total heart weights, absolute 
heart weights and the weights of each ventricle were determined. In like manner the 
weights of the atria were recorded. Miiller excluded the largest hearts from these ex- 
aminations and used the others to determine the normal weight of the heart and its various 
portions by age and sex as well as by body weight and length. 

Sokolowski (34) in 1885 was familiar with the presence of enlarged right heart in fibroid 
phthisis. Lienard (35) in 1886, who noted right heart dilation in two-thirds of his cases 
of phthisis, attributed these findings to a decrease in the number of pulmonary vessels 
as a result of fibrosis and emphysema. 

Reuter (36) in 1888 used a technique which allowed the great vessels to remain attached 
to the heart and equalized this by allowing a variable amount of atrium to remain at- 
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tached to the body when the heart was removed. Of 261 tuberculous patients coming to 
postmortem examination, he found that the hearts were small in 98, average in 74 and 
large in 89. Hirsch condemned the above technique and believed that the averages 
which Reuter used for comparison were not acceptable. Forty-five of the 261 cases had 
healed tuberculosis at the time of death. 

Fraentzel in 1890 noted examples of enlarged right ventricles and of hearts smaller 
than normal. Potain (37) in 1892 found that the hearts of tuberculous persons were 
small as a result of cachexia, but that when the cachexia was produced very slowly large 
hearts were not uncommon. He believed this enlargement to be the result of extra- 
pulmonary conditions. 

In 1895 Oppenheimer (38) concluded that the hearts of tuberculous patients, over 
10 years of age, grow more slowly than those of normal individuals. However, he found 
that the proportion of heart weight to body weight was greater in persons with tuberculosis 
than in those with other conditions. His studies were based upon an examination of 305 
tuberculous patients, twenty-five years of age and under. 

Regnault (39) in 1899 found cardiac enlargement, either true or apparent, in most 
patients dying of fibroid pulmonary tuberculosis and believed this to be the result of 
obstruction to the pulmonary blood flow by the tuberculosis itself, as well as by the 
accompanying emphysema and pleural adhesions. 

Hirsch in 1899 used Miiller’s material to which he added a few cases to show that the 
heart size was related to the degree of muscular development. From Miiller’s 112 tuber- 
culous cases and an additional 12 of his own, Hirsch discovered that, when the various 
heart weights of Miiller were compared by body weight, 53 per cent of the tuberculous 
patients had heart weights well within the expected range of normal, while only 4 per 
cent had definitely small hearts. In the remaining 43 per cent, half showed only a right 
ventricular hypertrophy and half a hypertrophy of both chambers. 

In 1911 Wideroe followed Miiller’s technique, but in the tabulations he included only 
the free portions of the cardiac ventricles; he ignored the septal parts. In this way he 
avoided the indefinite partitioning of the septum as performed by Miiller, as well as the 
possibility of simultaneous hypertrophy of the septal portion of the other ventricle. In 
this series of 146 males and 165 females of all ages, there were 40 males and 35 females 
fifteen years of age or over who died of pulmonary tuberculosis. Using this latter ma- 
terial Wilderoe investigated the following subjects: the relationship of the body weight 
to the weight of the left ventricle, the relationship of the atrial weights to each other, 
and the relative capacities of the ventricles. 

He found that the weight of the left ventricle decreased with the loss of body weight 
in the course of chronic pulmonary tuberculosis, but that the left ventricle was larger 
than that which was found with the cachexia of cancer. 

Wideroe found that the relationship of the weight of the left to the right ventricle was 
normal if death occurred early in the course of pulmonary tuberculosis, but that the 
relative weights became more equal as the disease became more chronic and that the 
right ventricle weighed about as much as the left after the pulmonary disease had been 
present six or more years. A similar relationship occurred in the older age groups in 
which the right ventricle frequently weighed more than the left. This change was more 
marked in the males. 

Further, although the right atrium was found to be hypertrophied often, this was not 
definitely associated with hypertrophy of the right ventricle. 

In 1913 Lewis (40) published a technique for the separation of cardiac ventricles, which 
he considered to be more accurate than that described by Miiller, and used the method 
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in more than 80 cases which he also had studied clinically. Lewis believed that Miiller’s 
directions were stated too briefly and inadequately. However, he found “that Miiller’s 
normal weights may be taken as a standard whichever method is adopted.” 

Since the report of Wideroe, only series consisting of a few cases have been published 
in which the hearts of tuberculous patients were dissected into their parts and the masses 
determined. For example, Bret (41) in 1914 confirmed Wideroe’s findings but could 
not definitely correlate the degree of hypertrophy with the duration or the degree of 
pulmonary disease. However, he examined a total of only 35 cases of which there were 
3 with scoliosis and 13 with nontuberculous pulmonary disease. 

In 1922, Herrmann and Wilson (42) advocated a method for the separation of the 
cardiac ventricles in which the septum was separated along a line formed by the inter- 
section of the scroll muscle of the two ventricles. This was the method used in this study. 

Levine and Carr (43) in 1933 used Herrmann’s method to examine 64 human hearts, 
6 of which were obtained from patients dying from pulmonary tuberculosis. 

In 1937 Nemet and Rosenblatt (44) studied the reports of 71 patients with pulmonary 
tuberculosis who came to postmortem examination at the Montefiore Hospital during 
one year. They found the right ventricle to be hypertrophied in 46.5 per cent. Of 
these, 38.8 per cent showed an associated hypertrophy of the left ventricle. The authors 
believed this right ventricular hypertrophy was more relative than absolute for they 
found that the average thickness of the ventricular walls in the hypertrophied hearts 
was 5 to 7 mm. 

In 1939 Griggs, Coggin and Evans (45) reviewed the protocols of 18,000 postmortem 
examinations. Of 2,247 cases having chronic pulmonary disease extensive enough to 
produce cardiac changes, 1,655 were examples of pulmonary tuberculosis. By reviewing 
the records on the thickness of the ventricular walls as recorded at postmortem examina- 
tion (a method which they accept as inferior to weighing the ventricles), these authors 
found that only 4.6 per cent had the right ventricle hypertrophied and that 10.2 per cent 
had both ventricles hypertrophied. Of these, 1,470 cases had no other pulmonary disease 
and no cardiac lesion except that resulting from the pulmonary tuberculosis. In 3.7 per 
cent there was a right ventricular hypertrophy. The very smallest hearts were found 
in the group with pulmonary tuberculosis. They found that pulmonary tuberculosis was 
the most common cause of primary right ventricular hypertrophy. Clawson (46) in 1941, 
in reviewing 30,265 postmortem examinations, also found chronic pulmonary tuberculosis 
to be the most common cause of primary right heart failure. Part of the material used 
in his study is used in this investigation also. 

In 1941 Ackerman and Kasuga (47) used what is probably, in part at least, the ma- 
terial reported by Griggs et al. They have advocated Herrmann’s method of cardiac 
dissection and Kirch’s measurements of the outflow tract to determine cardiac enlarge- 
ment, but were forced to use the postmortem protocols which contained measurements 
of the ventricular thickness. A total of 330 cases was reviewed and the results were 
quite similar to those of Griggs, including the relative frequency of left ventricular 
hypertrophy. 

Roberts and Lisa (48) in 1943, in a study of 100 patients of all ages, failed to find more 
than one instance of isolated right ventricular hypertrophy and only 2 instances of 
combined left and right ventricular hypertrophy. The cases were not selected to exclude 
other cardiac lesions. Patients with conditions such as coronary sclerosis, luetic aortitis 
and old valvular defects were included, as well as those with pericarditis, mural infarction, 
tuberculous myocarditis and others. They judged the hypertrophy by histological 
methods which they feel are superior to measurements of the thickness of the walls. 
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Mention should be made of the frequency of simultaneous enlargement of the left 
ventricle with right ventricular hypertrophy, even though the material available in this 
study did not lend itself to this special investigation. Rosenbach (49) and Senator (50) 
were of the opinion that it did occur while Hirsch and Romberg (51) were emphatic that 
it did not. More recently this left ventricular hypertrophy has been noted by Scott and 
Garvin (52), Griggs et al. and Ackerman and Kasuga. More convincing evidence than 
that produced by the above authors is to be found in the report of Kountz, Alexander 
and Prinzmetal (53) who found a definite increase in the total heart weight and the ratio 
of heart weight to body weight in their patients with emphysema. Also, using Herr- 
mann’s technique, they found the left ventricle as well as the right to be definitely greater 
than normal in every instance. Further evidence was obtained by experimentally pro- 
ducing emphysema in dogs. Left ventricular hypertrophy was found in these animals. 
Karsner (54) believes this hypertrophy is due to a continuation of the scroll muscles of 
one ventricle penetrating the other. 


TOTAL HEART WEIGHTS 


The material used to determine total heart weights consisted of 850 routine 
autopsy records from the years 1930 through 1942 of patients dying at Glen 
Lake Sanatorium, a 691-bed hospital for the care of tuberculous patients. From 
this group of 850, only 602 cases were selected for study. These consisted of 
patients with extensive pulmonary tuberculosis, but did include also those whose 
terminal phase was marked by generalized miliary tuberculosis, tuberculous 
meningitis, etc., provided they appeared to be in a serious or critical state when 
these diseases became evident. All the patients were excluded who had diseases 
which would unduly change the heart weight (using the criteria of Bell and of 
Zeek) such as hypertension, adherent pericardium, glomerulonephritis, valvular 
heart disease, lues of the aortic arch, hyperthyroidism or coronary sclerosis; 
also those with pulmonary disease not definitely related to the pulmonary 
tuberculosis. 

In this series, the total heart weights consist of the heart weights obtained 
at the postmortem table after the removal of blood from the cardiac chambers. 
They include also the intrapericardial vessels which average 23 g. in the males 
and 21 g. in the females. The latter figures have been obtained by weighing 
separately and averaging the intrapericardial vessels on 265 hearts, or more than 
one-third of the entire number used in this study. Further, it is evident that 
the presence of these vessels alters the weight of the normal heart approximately 
10 per cent, and that of an atrophied heart even more. For this reason, both 
the total weight recorded and the corrected weight (obtained by subtracting 
23 g. in the male and 21 in the female) are included. 

Of the numerous relationships existing between cardiac mass and body size 
such as body weight (5), body length (55), development of musculature (25), 
volume of circulating blood (56), and even width of the shoulders (22), this 
study afforded only sufficient data for comparisons by age, by body length and 
probably by estimated body weight. Table 1 gives the total heart weights of 
599 tuberculous patients with and without the great vessels. 

When the data were compared with the findings of Bell (57), the combined 
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weights of the hearts and great vessels were used, since these structures are 
included in his compilations (table 2). These figures show a decrease in the 
average heart weight of approximately 50 g. in the tuberculous males and of 
approximately 35 g. in the females. 


TABLE 1 
Total heart weights of tuberculous patients tabulated by age 


MALES FEMALES 


_ Average 
without great 
vessels 


_ Average 
without great 
vessels 


Number of 


Number of Average with 
Patients 


Average with I 
Patients great vessels 


great vessels 


185 13 
197 31 
219 
214 
228 
234 
277 
217 
240 
264 
180 


TABLE 2 
Comparison of the total heart weights of controls and tuberculous patients 


MALES FEMALES 


Control Tuberculous Tuberculous 


(Bell) (Bell) 


Number Average | Difference Average | Difference 


314 258 —56 259 86 232 —27 
325 285 —40 277 87 240 —37 
344 286 —58 295 49 269 —26 
328 ~ 305 —23 281 31 248 —33 
351 301 —30 291 17 241 —50 
364 306 —58 292 11 263 —29 


Comparisons by body length are given in table 3 where the recent compilation 
of Zeek (55) was used as a standard. There is a great similarity between the 
results obtained by comparing the heart weight with body length and the heart 
weight with age. In the males, the hearts of tuberculous patients weighed 
approximately 50 g. less than the average, and in the females, approximately 
40 g. less. 


years | 
15-19 249 226 5 206 
20-24 228 205 14 | 218 
25-29 271 248 34 | 240 | 
30-34 291 268 36 | 235 
35-39 276 253 25 249 
40-44 280 257 36 | 255 | 
45-49 297 274 20 298 | 
50-54 317 294 49 | 238 
55-59 313 290 25 | 261 | 
60-64 301 278 15 | 285 | 
65-69 302 279 19 | 201 | 
70-74 301 278 18 243 222 2 
75-79 318 295 9 268 | 247 | 9 
208 | | 294 
AGE 
years | 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
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Although not sufficiently accurate to be of great value, compilations of heart 
weights and the estimated body weights are given in table 4. 


TABLE 3 
Total heart weights of tuberculous patients and controls (Zeek) tabulated by body length 


MALES FEMALES 


Tuberculous Tuberculous 


Control 
(Zeek) 


Control 
(Zeek) 


Height Height 


Number | Average |Difference Number | Average |Difference 


cm. 


150-154 
155-159 
160-164 
165-169 
170-174 
175-179 
180-184 
185-189 
190+ 


cm. 


-139 | 250.0 105 —45 
140-144 | 240.0 224 —16 
145-149 | 246.3 179 — 66 
150-154 | 244.9 193 —52 
155-159 | 259.3 208 —50 
160-164 | 267.0 222 —45 
165-169 | 274.5 235 —40 
170+ 278.5 253 —25 


296.7 
298.1 
309.8 
303.2 
322.8 
330.4 
341.8 
351.3 
376.7 


221 
194 
240 
264 
259 
281 
290 
275 
270 


—76 
—104 
—70 
—39 
— 64 
—49 
—52 
—76 
—107 


1 
6 
3 
29 
62 
91 
67 
36 


319.3 267 —52 262.2 295 222 —40 


TABLE 4 


Total heart weights of tuberculous patients and controls (Smith) tabulated by estimated body 
weight 


BODY WEIGHT 


MALES 


FEMALES 


Control 
(Smith) 


Tuberculous 


Average 


Difference 


Control 


Tuberculous 


(Smith) 


Average 


Difference 


pounds 
-50 
51-60 
61-70 
71-80 
81-90 
91-100 
101-110 
111-120 
121-130 
131-140 
141-150 
151-160 
161-170 
171-180 
181+ 


205 
225 
245 
265 
284 
304 
323 
343 
363 


+55 
+49 
+39 
+24 
+28 
+50 
+19 

—3 
+50 


191 
166 
199 
209 
202 
212 
222 
251 
249 
267 
222 
252 


322 


+33 
+44 
+24 
+23 
—40 
—30 


+7 


Total or average .... 


+40.2 


+31.3 


Approximately one-sixth of the estimated body weights could be compared 


with the actual weights of these patients taken shortly before death. 


Although 


the difference between the estimated and actual weights was frequently 5 to 


are 
the § 
5 
24 
58 
| 83 
85 
34 
11 
| 
| 
| 4 
4 147 il 
10 220 32 
- 24 229 42 
| 34 253 26 
34 237 171 34 +41 
39 260 189 37 
32 274 207 29 
29 284 225 17 
| 23 289 244 15 
21 312 262 3 | 
| 5 354 282 4 | 
‘ 342 297 
| | 3 340 315 2 _ | = 
n | 4 | 413 | | 9 
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10 pounds, greater variations were uncommon and were noted chiefly in those 
persons with the greatest body weight. Furthermore, it is probable that large 
errors in estimating body weight were rare since a larger percentage of the entire 
series falls in the low weight group, that is, 75 per cent of the males weighed 
130 pounds or less and 85 per cent of the females 120 pounds or less. 

From these estimates, it appears that tuberculous patients show an increase 
in the relationship of heart weight to body weight. Since the availability of 
food for the heart is second only to that for the brain (58), it follows that in 
cases of rapid emaciation the heart suffers less than the body in general, while 
in long continued disease the increased weight appears to result from an hyper- 
trophy of the right ventricle. If this hypertrophy does not occur, or occasionally 
in spite of it, extremely small hearts may result, probably due to the decreased 
body size and inactivity. This is evident in some cases of this series, such as 
those in which the total heart weights with the great vessels were only 105, 
107 and 126 g., respectively. 

This material was not extensive enough to determine the slight decrease in 
the ratio of heart weight to body weight noted in the more obese tuberculous 
individuals by several authors (6). 


WEIGHTS OF THE CARDIAC MUSCLE 


A source of error greater than the presence of the intrapericardial vessels is 
found in the amount of fat deposited in the epicardium. Peacock and Lorey 
showed that this epicardial fat varied from 5 to over 55 per cent of the total 
heart weight and thus obscured the true weight of the ventricular muscle. 

Since the routine postmortem examinations did not include a dissection of 
the heart such as is necessary to obtain the weight of each ventricle, the data 
considered in this portion of the paper were obtained from the postmortem studies 
performed with this problem in mind. These include the examinations of 209 
hearts selected as described previously from a total of 312 postmortem examina- 
tions. The ventricular weights were obtained by Herrmann’s method rather 
than by Miiller’s. The few publications (42, 43, 53) containing dissections of 
normal human hearts by Herrmann’s method show an average ratio of 1.65 to 
1.77 when the left and right ventricular weights are compared. An examination 
of 65 selected hearts of patients dying from other diseases than tuberculosis 
showed an average ventricular ratio of 1.78. All these results suggest that the 
ratio found by Miller is slightly higher than that obtained by the use of Herr- 
mann’s technique. However, it is evident that there is no marked discrepancy 
in the results obtained by the two methods and, until more data become available, 
it seems advisable to use Miiller’s large series as the standard. 

Combined weights of the cardiac ventricles: The weights of the cardiac ven- 
tricles, as recorded, consist of the mechanically cleaned ventricular muscle with 
the valves and the tendons removed, and with the trabeculae cleaned of fibrin. 
They have been computed as fresh ventricular weights, although the dissections 
were performed after formalin fixation. Table 5 includes not only these ven- 
tricular weights but also the compilations by Miiller. A comparison with the 
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findings in Miiller’s tuberculous group shows a lower ventricular weight of this 
series of tuberculous patients. The average difference was approximately 30 g. 
for both males and females, or approximately 20 per cent of the ventricular 
weight for the former and 25 per cent for the latter. 

Two explanations can be offered for the variation in the ventricular weights 
of the two series. First, the modern treatment for tuberculosis prolongs life 
to such an extent that more emaciation, and consequently more cardiac atrophy 
occurs. At the time of Miiller’s compilations (1883), Brehmer’s treatment for 
tuberculosis was used. This consisted of moderate exercise which was continued 
to the terminal phase of the disease. Thus it is evident that the extreme ema- 
ciation resulting from prolonged bed-rest was not encountered so frequently 
in his patients. 

Second, the discrepancy in the two series might have resulted from the in- 
clusion by Miiller of some tuberculous patients whose cardiac weights were 


TABLE 5 
Ventricular weights of average (Miller) and tuberculous patients 


FEMALES 


MALES 


7 Average Tuberculous Tuberculous Average Tuberculous Tuberculous 
(Miiller) (Miller) (G.L.S.)* (Miller) (Miller) ( 
years 
16-20 180.5 167.0 153.4 166.3 115.2 111.5 
21-30 204.7 168.1 141.1 163.7 136.4 116.5 
31-40 208.2 197.3 166.3 160.6 147.6 121.3 
41-50 218.0 203.2 153.9 180.5 152.7 132.2 
51-60 234.4 181.8 161.1 178.9 169.3 126.6 
61-70 235.9 170.0 150.7 186.5 170.6 126.5 
71+ 213.8 162.9 138.1 187.1 136.6 98.1 


* Patients from Glen Lake Sanatorium. 


increased by an associated disease, such as hypertension, glomerulonephritis. 
As will be shown later, this difference in ventricular weight is due to the varia- 
tion in the size of the left ventricles only. 

In the series reported here, as well asin Miiller’s series of average heart weights, 
the ventricular weight is approximately two-thirds of the total heart weight. 
No data are obtainable to determine this ratio on Miiller’s tuberculous subjects. 

Weight of the left ventricle: Separation of the right ventricle from the left 
appears to have been performed first by Valentin in 1844 and subsequently 
upon tuberculous hearts by Engel, Beneke, Miiller, Wideroe and others. 

The left ventricular weights of this series and those of Miiller are given in 
table 6. 

In the Glen Lake group the weight of the left ventricle is definitely lower 
than in Miiller’s series. 

In this series, no left ventricular mass was greater than that anticipated on 
the basis of body size, and only one was above the averages proposed by Miiller. 
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In Miiller’s series, likewise, left ventricular hypertrophy was not present in a 
single instance. These findings are in sharp disagreement with the results 
published by those whose material showed a definite and absolute left ventricular 
hypertrophy (45, 47, 52). 

Weight of the right ventricle: The compilations of the right ventricular weights 
(table 7) have been made in a manner similar to that used in making the previous 
tables. The two series of tuberculous patients, as well as Miiller’s averages, 


TABLE 6 

Left ventricular weights by ages 

MALES FEMALES 
we Average Tuberculous Tuberculous Average Tuberculous Tuberculous 

(Maller) (Miller) (G.L.S.) (Miller) (Miller) (G.L.S.) 
years 
16-20 117.1 102.2 88.8 111.1 71.9 66.1 
21-30 125.1 102.2 78.4 107.6 87.5 66.5 
31-40 135.6 123.7 94.1 104.3 91.3 68.4 
41-50 143.9 125.7 85.7 115.9 95.2 73.4 
51-60 151.6 116.7 88.8 116.1 102.9 68.7 
61-70 155.7 109.6 91.1 123.3 107.5 72.0 
71-80 142.6 105.7 86.3 125.3 81.2 57.0 
81-90 144.4 171.9 109.7 
TABLE 7 

Right ventricular weights by ages 

MALES FEMALES 
i Average Tuberculous Tuberculous Average Tuberculous Tuberculous 

(Maller) (Miller) ( (Maller) (Miller) (G.L.S.) 

years 
16-20 63.4 64.8 64.6 55.2 43.3 45.4 
21-30 70.8 65.8 62.7 54.0 48.9 51.0 
31-40 71.0 73.6 72.2 52.9 56.3 52.9 
41-50 72.6 77.5 68.2 62.8 57.5 58.8 
51-60 75.3 71.1 72.3 60.1 66.4 57.9 
61-70 77.7 60.4 59.6 64.5 68.1 54.5 
71-80 73.2 57.2 51.8 62.3 55.4 41.4 
81-90 61.6 59.1, 


exhibit a similarity in the right ventricular weights. In the series reported here, 
23 per cent of the right ventricles weighed more than 80 g. in males and 65 g. 
in females. These figures coincide with the largest in Miiller’s series of averages. 

Upon the basis of increased heart work, several causes have been advanced 
for the hypertrophy of the right ventricle. The first assumes that the destruc- 
tion of the capillary bed by the tuberculous processes is sufficient to produce a 
pressure in the pulmonary circulation sufficient to cause demonstrable right 
ventricular hypertrophy. This theory was advocated by Louis and appears 
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to be the most popular to-day. The chief objection to it is the lack of a definite 
relationship between the amount of pulmonary tuberculosis and the degree of 
right ventricular hypertrophy. In experimental animals, it has been shown that 
about two-thirds of the pulmonary parenchyma must be destroyed before any 
cardiac hypertrophy develops (59). In humans, it appears impossible to deter- 
mine the amount of the pulmonary vascular bed destroyed, because neither 
the area of pulmonary fibrosis nor the degree of emphysema can be measured 
accurately. There is a possibility that more injury to the vascular bed of the 
lungs may exist than is apparent. 

Another reason for this hypertrophy might be the narrowing of the lumen 
of the great vessels as a result of mediastinal distortion. In view of the fact 
that a slight narrowing of the great vessels near the heart has been shown to 
increase the intraventricular blood pressure (60), this narrowing might cause 
sufficient resistance to the flow of blood from the right ventricle to produce a 
right ventricular hypertrophy. A study of the subject of mediastinal distortion, 
however, fails to reveal definite evidence of this; but rather that such a derange- 
ment produces “symptomatic cardiac insufficiency,” sometimes with arrhyth- 
mia and pain, but most characteristically with dyspnoea, palpitation, fast pulse, 
weakness, etc. (61). The venous pressures of patients with symptoms referable 
to this distortion have not shown a definite rise, although pressures suggestive 
of cardiac failure have been reported (62). 

As a cause of hypertrophy in the majority of instances, coughing, with the 
consequent increase in intrailveolar pressure, must play a minor réle. How- 
ever, in a myocardium weakened by the toxaemia of pertussis, right heart failure 
has been attributed to this cause (63). No relationship was encountered in 
this study between coughing and cardiac hypertrophy, but the results must 
remain inconclusive because it was very difficult to determine the actual amount 
of coughing. 

Relative weights of the ventricles: It has been shown in the previous chapter, 
that right ventricular hypertrophy determined by an actual increase in cardiac 
mass above the normal is relatively common in persons dying from pulmonary 
tuberculosis or its complications. However, the cardiac ventricular masses of 
emaciated patients are not comparable to those of patients with average body 
weight and, likewise, hypertrophy of the ventricular musculature of the former 
would not be as great as that of the latter. In addition, therefore, a comparison 
of the weights of the two cardiac chambers would be of value in determining 
an abnormal ventricular mass of one chamber in the emaciated persons. It 
is evident from a compilation of Miiller’s and Wideroe’s material that the two 
cardiac ventricles undergo proportional atrophy in emaciation. 

Table 8 shows the relationship between the series of cardiac ventricles as well 
as Miiller’s compilations. It should be noted that there is no definite change 
in this relationship with age. This is in contrast to the results of Wideroe who 
found a gradual increase in the size of the right ventricle. Moreover, in this 
table there is a definite right ventricular hypertrophy in all of the age groups, 
except the last. As has been noted previously, the variation in the two series 
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of tuberculous cases is the result of the difference in the weights of the left ven- 
tricles. 

Miiller compared the right to the left ventricle (R/L), but the more recent 
investigators, including Lewis and Herrmann, have preferred to compare the 
left to the right ventricle (L/R). Throughout this paper, the latter ratio has 
been used because it is more familiar to most observers. 

A study of the individual cases reveals that 87, or over 40 per cent, had a 
ventricular ratio of 1.3 or less, and that 33, or over 15 per cent, had a right ven- 
tricular mass greater than that of the left. The ratio 1.3 was taken arbitrarily 
to represent the lower limit of normal. In over 40 controls dissected by Herr- 
mann’s technique, none had a ventricular ratio below 1.5. For this reason, 
it has been assumed that those patients with a ratio below 1.3 have an abnormal 
ventricular relationship. 


TABLE 8 
Relation of left to right ventricles (L/R) 


MALES FEMALES 


Average Tuberculous Tuberculous Average Tuberculous Tuberculous 
(Miller) (Miller) (G.L.S.) (Miller) (Miller) 


years 
16-20 1.8470 1.5759 1.4078 2.0127 1.6594 
21-30 1.8470 1.5529 1.3108 1.9926 1.8184 
31-40 1.9098 1.6812 1.4363 1.9716 1.6231 
41-50 1.9766 1.6223 1.3814 1.8455 1.6573 
51-60 2.0133 1.6409 1.3116 1.9316 1.5503 
61-70 2.0039 1.8134 1.5630 1.9116 1.5051 
71-80 1.9481 1.8504 1.6969 2.0112 1.4657 
81-90 2.3442 2.9086 2.1342 


Effect of the duration of pulmonary tuberculosis upon the cardiac ventricles: 
In this study, the first presumable evidence of tuberculosis has been accepted 
as marking the onset of the disease, and that period of time. from the onset 
until death as the duration. 

It is obvious that the duration of the disease in the majority of cases cannot 
be determined with any degree of accuracy and that frequently the disease 
becomes evident clinically years after the actual onset of the progressive lesions 
which eventually lead to death. In the tabulations to follow, therefore, it is 
evident that few cases recorded for relatively short duration actually had their 
tuberculosis only for such a short period. In like manner, nearly all those 
patients, whose tuberculosis appeared to have been of relatively long duration, 
will have had their tuberculosis for longer periods of time. However, some 
confusion in the interpretation of the onset of disease has been avoided by 
excluding all patients with pulmonary lesions not related to pulmonary tuber- 
culosis. 

Therefore, it appears probable that the upper tabulations in table 9 include 


1.5246 
1.3590 
1.3751 
1.3713 
1.2209 
1.4586 
1.3877 
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some patients whose pulmonary tuberculosis has been of brief duration and others 
whose duration of disease has been long. 

The lower tabulations probably include very few patients whose duration 
of disease has not been as long as that accepted. 

A study of this table reveals that the relative size of the left and right ventricle 
tends to become more equal as the clinical duration of the disease is prolonged. 
This change appears to result from an actual increase in the weight of the right 
ventricle. 

Effect of pulmonary collapse upon the cardiac ventricles: Of the 209 patients 
studied, 69 had some form of pulmonary collapse which was continued for at 
least four months, and was present until shortly before death. Of the 56 patients 
with unilateral collapse, pneumothorax was present in 21, empyema and pneumo- 
thorax in 25, thoracoplasty in 8, oleothorax and paraffin pack each in one; in 


TABLE 9 
Right and left ventricular weights and their relationship to duration of clinical disease 


MALES FEMALES 


| Right Left Right Left 
Number | ventricular | ventricular L/R ventricular | ventricular L/R 
wt. t. yt. wt. 


-6967 
-4607 
2692 
-4042 
2856 


73.7 
-6205 63.6 
-5218 74.2 
.3794 65.4 
6216 66.2 
-4891 64.6 
3. 76.7 
4160 70.4 
1256 19 66.4 
2235 14 68.6 


63.9 
54. 


58. 
68. 
64. 
56 
51 
70 
7-11 86 
12+ 96.8 


0 
8 
8 
3 
3 
8 
7 
0 


. 


the 13 with bilateral collapse, right and left pneumothorax was present in 2, 
pneumothorax and empyema in 7, pneumothorax and thoracoplasty in 2, bilat- 
eral empyema in one, and bilateral paraffin pack in one. 

Superficial inspection indicated that collapse might have caused some increase 
in the size of the right ventricle and a decrease in the ventricular ratio. How- 
ever, further examination of these cases revealed that in those patients whose 
pulmonary disease had persisted for four or more years the number of hearts 
with a ventricular ratio of 1.3 was no greater in the collapsed group than in the 
uncollapsed. Of 27 males without collapse who had had clinical pulmonary 
tuberculosis for four or more years, 16 had a ventricular ratio of 1.3 or less, 
7 of which were less than 1.0. Of 7 males with pulmonary collapse, 3 had a 
ventricular ratio of 1.3 or less, but none had a ratio as low as 1.0. In a similar 
group of females without collapse, 14 had ratios of 1.3 or less, of which 4 were 
below 1.0; of the 29 females with pulmonary collapse 16 had a ventricular ratio 
of 1.3 or less, of which 8 were below 1.0. Therefore, there appeared to be no 


0-6 mos. | 12 | | 95.8 | 
7-11 | 10 | $3.8 | 
| 86.7 | 
| $2.3 | 
| 90.4 
| 78.4 
| 67.1 | 
| 98.3 | 
| 92.3 | 
| 100.0 | 
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significant difference in the weights of the individual ventricles or in their rela- 
tionships to each other when both collapsed and uncollapsed groups were con- 
sidered. 

Although the type of collapse appeared to have no influence on the ventricular 
ratios, the number of cases is too small to draw definite conclusions. In the 
group with empyema the relatively early deaths appear responsible for the low 


TABLE 10 


Right and left ventricular weights with their relationship in collapsed and uncollapsed patients 
tabulated by duration of disease 


UNCOLLAPSED COLLAPSED 
DURATION OF DISEASE 


Number | Wt. r.v. | Wt. Lv. | L/R_ | Number | Wt. r. v. | Wt. lv. | L/R 


Males 


0-6 mos. 
7-12 mos. 
1 year 

2 years 

3 years 

4 years 

5 years 
7-11 years 
12+- 


aa 
Dow Wwe 
oust 


8 


0-6 mos. 
7-12 mos. 
1 year 

2 years 

3 years 

4 years 

5 years 

6 years 
7-11 years 
12+ 


& 


oor 
Ooo w 
oro 
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incidence of right ventricular enlargement, while the long duration of disease 
in those with thoracoplasty may be responsible for the enlarged right ventricles. 

The effect of the duration of the collapse could not be determined because 
it paralleled the duration of the disease too closely to permit a separation of 
the two. 

The effect of pleural adhesions upon the cardiac ventricles: This series did not 
lend itself well to a study of the effects of pleural adhesions. Only 3 males and 
4 females were found whose pleural cavities were free from adhesions. When 
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judged by the clinical history, the course of the disease and the postmortem 
findings, the disease appeared to be of fairly long duration. Of the 2 whose 
ventricular ratio was less than 1.3, one showed moderate fibrosis with pulmonary 
tuberculosis which appeared to be of long duration, while the other had had 
clinical pulmonary tuberculosis for eight years. 

The pleural adhesions were unilateral in 32 patients. Thirteen (approximately 
40 per cent) had ventricular ratios of less than 1.3, and 4 of these (approximately 
13 per cent) had ventricular ratios of less than 1.0. Since these results are the 
same as those of the entire series, it appears that there is no difference between 
the groups with unilateral and bilateral pleural adhesions. 

The adhesions occurred on the right side in 15 and on the left in 17 patients. 
A L/R ventricular ratio of 1.3, or less, was found in 7 of those with adhesions on 
the right, and in 6 of those with adhesions on the left. These few cases suggest 


TABLE 11 
The type of collapse and number of cases with a low ventricular ratio 


MALES FEMALES 


TYPE OF COLLAPSE 
L/R ratio 


L/R ratio 
1.3 or less 


1.3 or less Total number 


Total number 


11 14 6 (2)* 
5 (1)* 16 9 (5)* 
1 


Paraffin pack 
Oleothorax 1 0 

Thoracoplasty 2 6 4 (3)* 
Bilateral collapse 3 9 4 (1)* 


22 7 46 23 (11)* 


* These cases had a ventricular ratio of less than 1.0. 


that adhesions of the left pleura result in no greater incidence of right ventricular 
hypertrophy than those of the right. 

Bilateral adhesions were present in the remaining 170 patients. In 50, both 
pleural cavities were obliterated completely. Of these, 22 (about 44 per cent) 
had ventricular ratios of 1.3 or less, and in 5 of these the ratio was below 1.0. 

From the foregoing, there appears to be no difference in the frequency or the 
extent of right ventricular hypertrophy of those patients with unilateral and 
those with bilateral adhesions. Also, there is no difference in those with partially 
and those with completely obliterated pleural spaces. Moreover, no difference 
could be noted in the effects of adhesions involving the right and the left pleural 
cavities. Right ventricular hypertrophy was found in tuberculous patients 
without pleural adhesions. 

Effect of the extent and of the various types of pulmonary tuberculosis upon the 
cardiac ventricles: The usual association of several anatomical types of pulmonary 
tuberculosis in patients dying from that disease makes it extremely difficult to 
determine the effects of each type upon the mass of the cardiac ventricles. Com- 
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pilations were unsatisfactory. However, they suggested that the hearts from 
patients with extensive pneumonic infiltrations had the greatest ventricular 
ratio; those from patients with nodular infiltrations predominating, the inter- 
mediate ventricular ratios; and those from patients with fibrotic lesions pre- 
dominating, the lowest ventricular ratios. It was noted that those with pneu- 
monic lesions had the shortest clinical course, those with nodular lesions an 
intermediate course and those with fibroid lesions the longest course. A definite 
correlation between the extent of the pulmonary tuberculosis and right ven- 
tricular hypertrophy could not be noted. 

It was,believed that some pertinent information might be obtained from a 
group of patients whose clinical course was of moderate duration and whose 
pulmonary parenchyma was destroyed extensively over a period of time, even 
though these patients were relatively few in number. Eight females with 
tuberculous stenosis of the main bronchi were studied. The duration of disease 
was tio years in one, fifteen years in another, and three to six years in the 
remaining %. 

The L/R ratio was below 1.3 in only 2 of this group. In 3, it was 1.3 to 144, 
and in the remaining 2 it was 1.43 and 1.96, respectively. The incidence of 
definite right ventricular hypertrophy, therefore, is no greater than in the entire 
group studied. Moreover, the right ventricle in no instance attained a weight 
of 65 g. or was as large as the left ventricle. 

It appears, then, that severe fibrosis as well as very extensive pleural adhesions 
are not in themselves responsible for the marked right ventricular hypertrophy 
seen so often in cases of pulmonary tuberculosis. Some other factor, rather 
closely associated with the duration of the disease, must be present also. 

The most probable factor appears to be emphysema. Unfortunately, in 
preparing the lungs of these patients to permit a minute study of the tuber- 
culous lesions, that is, filling the parenchyma with fluid and fixing them in such 
a distended condition, the presence of emphysema, except of extreme degree, 
was obscured. As yet, this material cannot be used satisfactorily to determine 
the relationship of right ventricular hypertrophy to emphysema. Such a study, 
however, is in progress. 


DISCUSSION AND GENERAL SUMMARY 


For many years numerous investigators have noted the smallness of the heart 
in pulmonary tuberculosis. “In the present series, which is comprised of 600 
carefully selected patients, the decrease in the total heart weight averaged about 
50 g. for males and 40 g. for females. However, when these heart weights were 
compared with normal heart weights tabulated by body mass (estimated weights 
in the tuberculous series) the hearts from tuberculous patients were about 40 g. 
heavier. It was believed that this difference was due to the slower atrophy of 
the hearts in those with rapid emaciation, and to a right ventricular hypertrophy 
in those with pulmonary disease of long duration. 

The association of right ventricular hypertrophy with chronic pulmonary 
tuberculosis has been noted by many investigators, and appeared to have been 


HEART WEIGHT IN PULMONARY TUBERCULOSIS 271 


definitely established by the studies of Miiller, Hirsch, Wideroe and others. 
Recently, however, several authors have failed to find this hypertrophy. 

In a series of 209 tuberculous patients studied at Glen Lake Sanatorium, the 
masses of the right ventricles were determined by weight after separation by 
Herrmann’s technique. In 23 per cent of these patients the weight of the right 
ventricle was greater than the average weight found by Miiller. It appears 
that the authors, who failed to find the right ventricular hypertrophy, used 
measurements of the ventricular wall rather than actual weight. In this study 
it was found that measurements of ventricular thickness gave little information 
as to the actual ventricular mass, and the procedure was entirely unreliable in 
determining even the marked degrees of ventricular hypertrophy (64). 

It seems improbable that right ventricular strain would cause as much hyper- 
trophy in the atrophied heart of an emaciated individual as in that of an individ- 
ual of normal body size. For this reason, it is necessary to determine the relative 
weights of the two cardiac ventricles. Normally, the ratio of left to right ven- 
tricular weight is 1.7 or 1.8 to 1.0. In the tuberculous patients, it is 1.3 or 1.4 
to 1.0. If 1.3 can be taken arbitrarily as the lower normal limit of this L/R 
ratio, then 40 males and 47 females, or over 40 per cent of all patients in this 
series, had right ventricular enlargement; 14 males and 19 females, or over 15 
per cent of the entire series, had right ventricles which weighed more than the 
corresponding left ventricles. 

No definite differences were apparent between the patients with pulmonary 
collapse and those without collapse if the clinical course was of similar duration. 
Similarly, the confusing array of pulmonary lesions together with pleural ad- 
hesions allows but little correlation with the frequency and severity of right 
ventricular hypertrophy. 

However, a definite correlation appeared to exist between right ventricular 
hypertrophy and the duration of the disease. Other factors than duration, 
however, appeared necessary for many individuals did not show any evidence 
of right ventricular strain regardless of the extent, duration or type of the 
pulmonary tuberculosis. 

Unfortunately, the methods employed to facilitate detailed study of the tuber- 
culous lesions interfered greatly with the detection of emphysema, and in these 
specimens only marked degrees are evident. It appears probable that at least 
one of the factors closely associated with the duration of the disease is the devel- 
opment of emphysema. A study to determine the frequency and extent of 
emphysema in tuberculous lungs and its relationship to right ventricular hyper- 
trophy is being undertaken. 

Destruction of pulmonary parenchyma alone, even though it is present for 
a long time, does not appear to produce demonstrable right ventricular strain. 
This is demonstrable in the patients with pulmonary collapse, in those with 
bronchial stenosis and those with extreme bilateral cavitation. In some of 
these patients the cause of death appears to be the anoxaemia resulting from 
destruction of pulmonary parenchyma. At the postmortem examination of 
many of these patients no evidence of right ventricular strain was evident. In 
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these patients there may be insufficient pulmonary parenchyma for the gaseous 
exchange necessary for maintenance of life, but there may be sufficient paren- 
chyma for the transfer of blood from the right to the left heart. This observa- 
tion suggested the following theory which explains the various apparent dis- 
crepancies in the causation of right ventricular strain. 

The amount of pulmonary parenchyma necessary for aeration may be greater 
than that necessary for the transfer. of blood from the right to the left heart. 
Therefore, an increase in pulmonary blood pressure with the consequent right 
ventricular hypertrophy would not result from the parenchymal destruction 
produced by such diseases as tuberculosis, even though the afflicted persons live 
for many years. However, a disease, such as emphysema, might be capable of 
destroying the function of relatively few alveoli and still be able to reduce the 
lumina of the pulmonary capillaries sufficiently to raise the pulmonary blood 
pressure. The result would be evidenced by right ventricular hypertrophy. 


CONCLUSIONS 


1. The total heart weights of 600 carefully selected patients dying from 
pulmonary tuberculosis have been tabulated by age, body length and estimated 
body weight. These have been compared with normal heart weights selected 
from the literature. 

2. Right ventricular weights above Miiller’s averages were found in 23 per 
cent of the tuberculous patients and a ventricular ratio (L/R) of less than 1.3 
was present in 40 per cent. The right ventricle weighed more than the cor- 
responding left in 15 per cent of the tuberculous patients. 

3. It was not possible to determine a definite relationship between right 
ventricular hypertrophy and pleural adhesions, pulmonary collapse or the type 
and extent of the pulmonary tuberculosis. 

4. A definite relationship existed between right ventricular hypertrophy and 
the clinical duration of the disease. 

5. Left ventricular hypertrophy was not noted in this series. 

6. A theory has been presented to explain the presence of right ventricular 
hypertrophy in some patients and its absence in others with similar tuberculous 
lesions. 


CONCLUSIONES 


1. Se han tabulado conforme a la edad, la talla y el peso calculado del indi- 
viduo, las cifras correspondientes al peso total del corazén de 600 enfermos que 
habian muerto de tuberculosis pulmonar y sido escogidos cuidadosamente, 
comparandolo con el peso del corazén normal tal como aparece en la literatura. 

2. En 23 por ciento de los tuberculosos se observaron pesos del ventriculo 
derecho superiores a los promedios de Miiller, y en 40 por ciento una razén 
ventricular (I/D) de menos de 1.3. El ventriculo derecho pesé mas que el iz- 
quierdo en 15 por ciento de los tuberculosos. 

3. No fué posible encontrar una relacién bien definida entre la hipertrofia 
del ventriculo derecho y las adherencias pleurales, el colapso pulmonar o el tipo 
y extensién de la tuberculosis pulmonar. 


HEART WEIGHT IN PULMONARY TUBERCULOSIS 273 


4. Observése una relacién bien definida entre la hipertrofia del ventriculo 
derecho y la duracién clinica de la enfermedad. 

5. En esta serie no se noté hipertrofia del ventriculo izquierdo. 

6. Ofrécese una teoria que explica la presencia de hipertrofia del ventriculo 
derecho en algunos enfermos y su ausencia en otros en que las lesiones tubercu- 
losas son semejantes. 
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MILIARY DENSITIES ASSOCIATED WITH MITRAL STENOSIS! 
ALLAN HURST, SYDNEY BASSIN anp IDA LEVINE 


In the course of mass surveys designed primarily as a case-finding measure in 
tuberculosis control, many nontuberculous pulmonary abnormalities have been 
encountered. During the past ten years, the Department of Health has X-rayed 
by survey more than a half million apparently healthy persons (1, 2,19). Since 
October, 1940, the armed forces induction station in this corps area has referred 
all selectees rejected because of pulmonary conditions to our Central Chest 
Clinic for further observation. Thus we have had the opportunity of studying 
the chest abnormalities among more than one and one-half million persons. Of 
the nontuberculous pulmonary abnormalities seen, there were many cases of 
disseminated miliary densities in the lungs, occasionally associated with rheu- 
matic mitral disease. 

Miliary X-ray densities associated with rheumatic mitral stenosis have re- 
ceived little attention in the medical literature and only in scattered case reports 
(3, 4, 5, 6, 7, 8, 9). The most recent text-books of roentgenology (10, 11, 12) 
state that this finding is occasionally encountered in cardiac congestion, particu- 
larly secondary to mitral stenosis, but fail to stress the not infrequent permanency 
of the pulmonary changes. 

Weiss (13) stated recently that “in rare instances of mitral stenosis, small, 
persisting, diffusely scattered dense areas are present in roentgenograms of the 
lungs. Such a roentgenogram imitates that found in miliary tuberculosis or in 
sarcoid.” To these statements of Weiss may be added other differential X-ray 
diagnoses to be considered, such as pneumonoconiosis, lymphangitic carcino- 
matosis and others. In spite of the obvious cardiac condition, these X-ray 
densities are usually ascribed to some other coexistent disease entity. Such 
cases are often treated in tuberculosis sanatoria where the diagnosis is estab- 
lished only after prolonged observation or at the postmortem table (8). 

Five cases of disseminated miliary and submiliary densities associated with 
rheumatic mitral stenosis are here presented. These cases have been selected 
as representative of most of the possible pathological changes occurring in this 
condition. 


Case 1: S. S., a native-born white male, aged twenty-seven, referred to the Central Chest 
Clinic by the Army Induction Centre because of an abnormal chest film and a presumptive 
diagnosis of pneumonoconiosis. He stated that for the past ten years he had been suffering 
from heart trouble. He complained of dyspnoea on exertion, a morning cough with slight 
expectoration and hoarseness for the past five weeks. He had noted ankle oedema at 
night; he had occasionally expectorated small amounts of blood and had been told that 
this was due to his heart. He had no past history of rheumatic fever, chorea or frequent 
tonsillitis. He had previously had attacks of gall stones. 


1 From the Bureau of Tuberculosis, New York City Department of Health, Dr. H. R. 
Edwards, Director. 
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Physical examination showed a to-and-fro murmur heard over the entire precordium but 
loudest at the apex. There was slight cyanosis of the lips and finger tips. Oesophogram 
showed the oesophagus displaced to the right. X-ray film shows the heart to be enlarged 
and of a typical mitral configuration. The pulmonary arteries are not particularly 
dilated. The right interlobar fissure is seen. The lungs, from the first rib to the base, 
show diffusely scattered nodular mottling, most pronounced in the mid-zone. The film 
shows a horizontal linear shadow in the lateral portion of the left mid-lung field at the 
level of the hilum. The costophrenic sulci are clear. 
Three months after examination it was learned that the patient had died at home. 
No additional information could be secured. Diagnosis on the death certificate was: 
Rheumatic heart disease—congestive failure. 


Case 2: F. L., a native-born white male, aged thirty-three, referred to the Central Chest 
Clinie by the Army Induction Centre because of an abnormal chest film and a presumptive 
diagnosis of rheumatic heart disease. He stated that at the age of seventeen he developed 
acute rheumatic fever with typical multiple joint involvement. He was ill for five months 
and showed heart murmurs at that time. He then remained well for ten years when he 
had his first incident of failure, with increasing dyspnoea and ankle oedema. Digitalis 
was taken for six weeks. He remained well except for slight dyspnoea until four years 
ago when he again went into failure. He was again digitalized and since then has con- 
tinued taking maintenance doses. At the present time he is well except for mild dyspnoe: 
on exertion. 

Physical examination showed a systolic and presystolic rumble at the apex; the rate 
was regular. The X-ray film shows an enlarged heart with a typical mitral configuration. 
The hilar shadows are not widened. From the first rib to the base there is marked en- 


gorgement of the vascular structures. The film shows very faint thin parallel linear 
strands horizontally placed at the right base. The left base shows an area of decreased 
illumination laterally, with two thin lines meeting the diaphragm at a 45 degree angle. 
(Healed infarct?) He was recalled for examination ten months later and repeat X-ray 
showed no change. He now presented a slow fibrillation. 


Case 3: L. M., a native-born laborer, aged twenty-seven, referred to the Central Chest 
Clinic by the Army Induction Centre because of an abnormal chest film and a presumptive 
diagnosis of silicosis. He denied symptoms; he stated that his weight was constant, that 
he had no dyspnoea. About ten years ago he had worked with cement and sand for about 
two years; since then he has been a machine operator. Physical examination showed an 
enlarged heart with to-and-fro murmurs throughout, harshest at the apex. The rate was 
completely irregular in force and rhythum. The X-ray film shows straightening of the 
left cardiac border with some dilatation in the region of the conus. The pulmonary 
arteries are slightly widened. There is a diffuse linear and nodular mottling throughout 
both lungs fields with the apices relatively clear. The film shows well defined parallel 
horizontal linear shadows at both bases laterally, most marked at the right. The costo- 
phrenic sulci are clear. 

Two months after this examination, still apparently without cardiac symptoms in spite 
of his fibrillation, he suddenly became paralyzed and lost his power of speech. He was 
admitted to the Polyclinic Hospital, where examination showed him to be fibrillating, 
with a tendency to gallop rhythm. Numerous small moist rales were heard in his chest. 
Spinal tap showed the fluid to be clear and under normal pressure. Several convulsions 
occurred the next day and the patient died soon after. 
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Case 4: K. J., a native-born chauffeur, aged thirty-six, referred to the Central Chest 
Clinic by the Army Induction Centre because of an abnormal chest film, and a presump- 
tive diagnosis of haematogenous tuberculosis (acute miliary tuberculosis). He denied 
present symptoms. He stated that he had had what might have been asthma as a child; 
that he had never had rheumatic fever; that he was first told he had a murmur at the age 
of twenty-four when he reported to a medical clinic for examination because of persistent 
colds and a cough. His Mantoux test at that time was negative. No history of decom- 
pensation could be elicited. 

Physical examination showed a systolic and presystolic murmur at the apex. Fluoros- 
copy showed the left auricle to be enlarged; oesophogram showed the oesophagus dis- 
placed to the right and posteriorly. 

The X-ray film shows the heart to be only slightly enlarged with some straightening of 
the left cardiac border. The pulmonary arteries are somewhat exaggerated. There is 
a diffuse linear and nodular infiltration throughout both lung fields with the apices rela- 
tively clear. The nodules appear firm, irregular in outline and of various sizes. At the 
right base laterally the film shows a series of thin, parallel, linear shadows horizontally 
placed. The costophrenic angles are clear. This patient was recalled for examination 
ten months later at which time his condition (and X-ray film) showed no change. 


Case 5: P. D., a native-born white male, aged thirty-four, referred to the Central Chest 
Clinic by the Army Induction Centre because of an abnormal chest film and a presump- 
tive diagnosis of rheumatic heart disease and healed primary tuberculosis. He was aware 
of a rheumatic heart condition first discovered at the age of thirteen. Dyspnoea on 
exertion had been experienced for the past twelve to fifteen years, although he had been 
able to work as a chauffeur. 

Physical examination showed heart enlarged to the left, regular sinus rhythm, systolic 
and presystolic thrill at the apex, systolic and loud rumbling diastolic murmur with 
presystolic accentuation, and a systolic murmur at the aortic area. 

X-ray film at this clinic revealed a moderately enlarged heart with a rather marked 
bulge in the area of the conus. Within the cardiac contour a superimposed area of 
greater density was noted lying over and to the right of the ninth and tenth thoracic 
vertebrae. Oblique and Bucky studies revealed this to be due to the left auricle which 
encroached upon the retrocardiac space. Calcific deposits were also present in the pul- 
monary conus. The lung fields exhibited a network of linear and nodular soft densities 
extending from the hila to the subapical and lateral pulmonary fields, These densities 
were symmetrical and bilateral in distribution but did not extend to the lower third of the 
lung. Here, however, multiple irregular densities of various sizes, apparently calcific in 
nature, were noted. Horizontally placed, parallel, linear densities were seen at the lateral 
portions of the basal lung fields. 

The history revealed that the patient had been hospitalized one year previously for a 
haemarthrosis of the right knee. An abstract of the hospital records revealed electro- 
cardiographic changes typical of marked right axis deviation, a venous pressure of 60 cm. 
and sedimentation rate of 15 mm. The X-ray findings were practically identical with 
ours but were interpreted to represent healed haematogenous tuberculosis with question- 
able recent activity. Because of a suspicion of passive congestion, salyrgan therapy was 
given without diuresis or alteration in the X-ray appearance. 


DISCUSSION 


We have presented the cases of 5 young men, with mitral stenosis, practically 
asymptomatic and without auscultatory pulmonary signs, who on a chance or 
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survey X-ray film showed diffusely scattered pulmonary densities. These 
miliary densities are ascribed to the pulmonary congestion secondary to rheu- 
matic mitral stenosis. 

With obstruction to the blood flow through the mitral valve, a back pressure 
is built up in the pulmonary circuit. The engorgement of the vascular bed re- 
sults in an increased number of patent pulmonary capillaries becoming progres- 
sively more dilated and tortuous and gradually invaginating into the alveolar 
spaces. In the presence of increased pulmonary capillary pressure, the capil- 
laries may enlarge ten to thirty fold. The rise in pressure in the circuit is partially 
compensated by the dilatation and hypertrophy of the right ventricle. 

Microscopically the changes have been carefully described by many authors 
(13, 14, 15). The essential change after capillary dilatation is that of peri- 
capillary oedema of the alveolar walls leading rapidly to the deposition of collagen. 
This oedema may at first be readily reabsorbed, but, if persistent, permanent 
organic changes occur in the alveolar wall. Such changes are fibrotic in character 
with resultant obliteration of the capillary bed. Concomitant emphysema of 
portions of the lungs still further interferes with pulmonary function. The 
pulmonary arteries generally show proliferative intimal thickening while the 
arterioles also show the changes characteristic of hypertension, namely, hyper- 
plastic sclerosis (productive endarteritis) and necrosis. A generally rigid and 
fibrotic lung thus results, becoming progressively more marked as the stage of 
congestion persists (brown induration). 

There has been considerable difference of opinion as to the explanation for the 
changes which manifest themselves on the: X-ray film as miliary nodules. 
Weiss (13) considers them formed by haemosiderin pigment deposits and sur- 
rounding tissue reaction. At complete variance with this theory, Fishberg (16) 
describes them as engorged blood vessels ‘‘caught on end,” while other authors 
(11) think them to be engorged perivascular lymphatics due to pressure on the 
main lymphatic trunks by the enlarged heart. Anglin (8) described the autopsy 
findings of a case of mitral stenosis with chronic passive congestion resembling 
miliary tuberculosis. He found a few small discrete calcific nodules in the 
periphery of the lung. Otherwise, the lung showed many small perivascular and 
peribronchial areas of fibrosis containing carbon pigment and heart failure cells. 
No tubercles were present. 

Parker and Weiss (14) reperted on the postmortem examination of 10 cases of 
mitral stenosis in which special attention had been paid to the pulmonary 
changes. Five cases showed advanced pulmonary vascular and parenchy- 
matous disease characteristic of pulmonary hypertension. The other 5 showed 
intense pulmonary passive congestion without hypertensive vascular changes. 
Pulmonary arteriosclerosis depended for its development on a summation of 
three factors, namely, increased capillary pressure, stagnation of the blood flow 
and oedema, whether pericapillary or intrailveolar. If one or more of these 
factors were absent, the typical changes of pulmonary hypertension did not 
occur. Lesser circuit hypertension and general malignant hypertension were 
declared not only to be comparable as to microscopical appearance but also as to 
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their frequently rapid development. Pulmonary arteriosclerosis could, they 
felt, develop in as short a period as thirty to forty days. 

A review of the X-ray changes in the cases presented above demonstrates the 
progressive and varying pathological changes which are typical of passive pul- 
monary congestion with hypertension of the lesser circuit. 

In case 1 the lungs were studded from apex to base with soft fluffy densities. 
These are best explained as dilated engorged blood vessels ‘caught on end’ (16) 
and are usually transient in character. They may be found in cases of acute 
left heart failure due to coronary heart disease and mitral stenosis (10). While 
these changes are frequently reversible, leaving scarcely any residual increased 
markings, it must be remembered that, if the peri- and intracapillary oedema per- 
sists, irreversible changes may result within a short time. 

In case 2 there is a marked vascular engorgement throughout the pulmonary 
fields, arranged in a linear pattern. This type of X-ray appearance is more 
commonly observed than that in case 1. ‘Observation over a period of ten 
months showed no variation in the roentgenograms and the vascular changes 
are believed irreversible. This later stage is one of hypertrophied blood vessels, 
although it has been suggested (17) that a congenital defect in the elasticity of 
the venous network may produce such an irreversible pattern without the 
necessity of progressive pathological change. 

Case 3 showed a combination of linear and nodular mottling due to distended 
vessels “caught on end” and in horizontal section. In addition, at the periphery 
of the lower lung fields were some larger, denser nodules. The assumed patho- 
logical character of these densities is that they consist of local areas of peri- 
vascular fibrosis with deposition of haemosiderin pigment from the extravasation 
of blood (13, 8). 

Case 4 shows an association of linear and nodular scattered densities with 
numerous larger firm nodules. Again as in case 3, the pathological changes are 
the same but more advanced as expressed in actual numbers of firm nodules. 
In addition, in both cases 3 and 4 there are a number of linear densities at the 
bases. While such changes could be explained as Fleischner lines (placque-like 
atelectasis or later, induration atelectasis) or small healed infarcts (18), they 
could also be due to hypertrophied vessels (hyperplastic sclerosis) caught in 
horizontal section. The last explanation is, in our opinion, the most likely 
because of the large number of linear densities seen, and their almost constant 
occurrence to a greater or lesser degree in all 5 cases. 

In case 5 the X-ray film had shown no change over a period of one year. Here 
the most outstanding feature in the lungs is the presence of numerous calcific 
nodules of varying size, as well as soft and firmer densities described in other 
cases. The calcium deposition is thought to be due to the breakdown and sub- 
sequent healing of multiple small stasis infarcts sometimes attendant upon 
Severe passive congestion. The severe hypertension of the lesser circulation is 
further characterized in this case by the presence of calcification in the pulmo- 
nary conus. In all the cases emphysema at the bases was present to some degree. 

It is our impression that the X-ray changes in cases | and 2 were of simple 
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vascular dilatation whether of transient or permanent nature. In.the other 3 
cases, the tissue reactions were either altogether permanent or of a mixed 
character and appeared progressive. Explanations for the appearance of such 
miliary densities appearing in the medical literature were at variance only be- 
cause the process was seen in different phases. 

CONCLUSIONS 

1. Chest X-ray surveys for tuberculosis are productive of a great deal of 
information on nontuberculous conditions. 

2. Several cases of bilateral symmetrical diffuse nodular pulmonary densities 
associated with rheumatic mitral stenosis were discovered in draftees. 

3. These miliary densities must be carefully distinguished from similar appear- 
ing conditions, such as miliary tuberculosis, sarcoidosis, pneumonoconiosis, 
carcinomatosis, etc. 

4. An explanation for the varying roentgenographic appearance has been 
offered in the light of the probable pathological and physiological background. 


CONCLUSIONES 


1. Las encuestas roentgenotordcicas en busca de tuberculosis aportan mucha 
informacion relativa a estados no tuberculosos. 

2. En los reclutas se descubrieron varios casos de sombras pulmonares no- 
dulares difusas simétricas bilaterales asociadas a estenosis mitral reumatica. 

3. Hay que diferenciar esas sombras miliares de otros estados de aspecto 


semejante tales como granulia, sarcoidosis, neumonoconiosis, carcinomatosis, etc. 
4. Tomando en consideracién el probable fondo paté- y fisiolégico ofrécese una 
explicacién del variado aspecto roentgenografico. 
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AMERICAN TRUDEAU SOCIETY 


Combined Annual Meeting 
May 10 to 12, 1944 


The Fortieth Anniversary of the National Tuberculosis Association will be 
celebrated at the annual meeting in Chicago on May 10, 11 and 12. The head- 
quarters will be the Stevens Hotel. 

The Mississippi Valley Tuberculosis Conference will combine its regular 
annual meeting with that of the National Tuberculosis Association and, in addi- 
tion, the American Trudeau Society and the National Conference of Tuberculosis 
Secretaries will hold their regular business sessions at which the reports of special 
committees will be discussed. 

As a result of joint planning, the 1944 annual meeting promises to be one of 
unusual interest. Arrangements for the program are in the hands of the follow- 
ing Program Committee: 


Medical Section 


Dr. John D. Steele, Chairman 
Dr. H. 8S. Willis Dr. David A. Cooper Dr. Max Pinner 


Public Health Section 


Mr. Charles A. Freck, Chairman 
Mrs. Ashley Halsey Mrs. Saidie Orr Dunbar Mr. Robert W. Osborn 


To assist the Program Committee the Secretaries of the various Sections of the 
American Trudeau Society and the Executive Committee of the National Con- 
ference of Tuberculosis Secretaries will be consulted. 

The Diagnostic and Clinical Therapeutic Conference is being arranged under 
the Chairmanship of Dr. John H. Skavlem. 

Committee meetings and the Business Session of the National Conference of 
Tuberculosis Secretaries will be held on May 9. The Business Session of the 
American Trudeau Society will be held on the morning of May 10. Members 
are urged to attend this session for the reports by the various Committees, which 
will be presented by the Chairmen, are significant and worth while. 

The Program Committee for the Mississippi Valley Conference is as follows: 


Mr. C. W. Kammeier, Chairman 


Miss Irma Collmer Mr. R. U. Hilleman Dr. Oscar Lotz 
Mr. Richard Lea Mrs. Kathryne Pearce Mrs. Blanche DeKoning 
Dr. Charles H. Lerrigo 


On Tuesday afternoon, May 9, the program of the Mississippi Valley Confer- 
ence will open. There will be a session on Wednesday morning, May 10, and 
the formal program of the National Tuberculosis Association will begin on 
Wednesday afternoon, May 10, at 2:00 p.m. 

The complete preliminary program will appear in the April issue of the Bul- 
letin of the National Tuberculosis Association. 

You are urged to make hotel and train reservations as early as possible. 
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Report of the Minnesota Trudeau Society 
Dr. 8. T. Sandell, Secretary 


The annual fall dinner meeting of the Minnesota Trudeau Medical Society 
was held at 6:30 o’clock on Friday evening, November 19, 1943, at the Lowry 
Hotel, St. Paul, Minnesota. 

Following the dinner, Dr. Haven Emerson, a guest of the Society, gave a 
brief talk on the health conditions in New York. 

The minutes and the financial report of the previous meetings were read and 
approved. 

The following, who were proposed at the meeting held May 7, 1943, were 
elected to membership: 


Dr. W. O. B. Nelson, Fergus Falls, Minnesota 
Dr. Stanley B. Lindley, Fergus Falls, Minnesota 


The following membership was proposed: 


Dr. William Finney, Rochester, Minnesota 
Proposed by Drs. H. Moersch and W. Lemon 


The Nominating Committee presented the following names for officers: 


Dr. 8. 8. Cohen, President 
Dr. G. A. Hedberg, Vice-President 
Dr. S. T. Sandell, Secretary-Treasurer 


These members were elected unanimously. 
There was no old business nor any new business to be considered. 
The following scientific program was presented: 


Case Finding in Pulmonary Tuberculosis by 
Dr. F. F. Callahan, Walker, Minnesota 

Diagnosis and Surgical Treatment of Carcinoma of the Lung by 

Dr. H. J. Moersch, Rochester, Minnesota 
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NOTICE 


American Association for Thoracic Surgery 


The American Association for Thoracic Surgery announces that a decision 
has recently been made to hold a meeting of the Association in Chicago on 
May 5 and 6, 1944. Headquarters will be at the Drake Hotel. 

The closing date for the program has been set as April 1, 1944. 

In writing for room reservations one should address Mr. W. M. Cowan, 
Hotel Drake and state that he is attending the meeting of the American 
Association for Thoracic Surgery. 


RicHarp H. Jr. 
Secretary. 
Lt. Col., M.C., A.US. 


Kennedy General Hospital 
Memphis 15, Tennessee 


